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(54) Ink jet recording apparatus having 
detection method therefor 



residual quantity detection unit and residual quantity 



(57) According 1o the present invention, there is pro- 
vided an ink jet recording apparatus for recording an im- 
age on a recording medium by discharging ink to the sur- 
face of the recording medium, wherein ink is reserved in 
an ink tank including a negative pressure generating 
member, such as an absorber and a foaming member, 
and a function oi accurately detecting the residual quan- 
tity such that depletion to a predetermined level can be 
detected is realized. Light emitted by a photointerrupter 
is allowed to pass through a portion of a wait surface of 
the ink tank made of transparent plastic or the like which 
is transmissible with respect to detection light emitted by 
the photointerrupter to detect change in the light reflect- 
ance in the boundary portion between the wall surface 
and the ink absorber. In accordance with reflectance ob- 
tained in a case where no ink exists in the detected por- 
tion and that obtained in a case where ink exists, the re- 
sidual quantity of ink can be detected. 
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Description 

BACKGROUND OF THE INVENTION 
s Field of the Invention 

The present invention relales to an ink depletion detection apparatus for datecting the empty state of ink in an ink 
reservation container or the like of an ink jet recording apparatus or a residual quantity detection apparatus for detectinq 
the residual quantity of ink in the same. 
'o wore particularly, the present invention relates to an ink residual quantity detection apparatus tor delecting the 

quantity of residual ink accommodated in an ink reservation container consisting of a plurality of accommodating mem- 
bers capable of accommodating different inks in different states. 

Related Background Art 

A recording apparatus having functions to serve as a printer, a copying machine and a facsimile machine or a 
recording apparatus for use as an output unit for a combined electronic apparatuses including a computer a word 
processor and the like has a structure capable of recording an image on a recording medium, such as paper or a thin 
plastic plate, in accordance with image information. The recording apparatuses are classified into ink jet recording ap- 
paratuses, wire dot recording apparatuses, thermal recording apparatuses and laser beam recording apparatuses in 
terms of the recording method. 

The recording apparatus employing the ink jets recording method (the ink jet recording apparatus) records an image 
by discharging ink from a recording means (a recording head) to a recording medium. The ink jet recording apparatus 
have a variety ot advantages in that the size of the recording means can be reduced, a precise image can be recorded 

* at high speed, an image can be recorded on plain paper without special treatments, the running cost can be reduced 
noise can be prevented because the non-impact recording method is employed, and a color image can easily be recorded 
by using a multiplicity of color inks. 

In particular, the ink jet recording means, which uses thermal energy to discharge ink, can easily be manufactured 
into a form that comprises a means having dense liquid passage arrangement (configuration of discharge ports) by 

<o performing the semiconductor manufacturing process, which includes etching, evaporation and sputtering, to form an 
electricity-to-heat converter on the substrate, electrodes, liquid passage walls, ceiling plate and the like. Thus, the size 
of the recording means can be reduced further satisfactorily. 

The ink jel recording apparatus has an ink reservation unit for reserving ink to be supplied to the recording head 
the ink reservation unit being mounted fixedly on a predetermined position in the ink jet recording apparatus or mounted 
on the carriage together with the recording head. In the former case, an ink supply passage, such as an ink tube is 
formed between the recording head and the ink reservation unit in such a manner that the ink supply passage is able 
to follow the movement of the carriage. In the latter case, the ink supply passage between the recording head and the 
ink reservation unit can relatively be shortened. Accordhgly, the foregoing structure, in which the ink reservation unit is 
mounted on the carnage, is suitable to reduce the size of the ink jet recording apparatus and simplify the structure of 

' the same. 

The foregoing structure, in which both recording head and the ink reservatbn unit (ink tank) are mounted on the 
carriage, in the category thereof, includes a structure, in which both recording head and the ink tankare integrally formed 
and a structure m which the recording head and the ink tank are separately mounted. 

With the structure, in which the recording head and the link tank are integrally formed, a cartridge having the ink 
tank and the recording head formed integrally is changed lo a new cartridge when in k in the in k tank has been consumed 
Cartridges of the foregoing type have been used widely in recent years because they can easily be handled However 
the running cost cannot be reduced because the costly head must be changed whenever ink has been consumed 

With the latter structure having the recording head and the ink tank which are mounted separately, onty the ink tank 
reserving ink is changed when the ink has been consumed but the head is required to be changed only after its lifetime 
If the recording head is used in a usual manner, use of the recording head is not inhibited during Its lifetime before 
ink in the ink tank is used completely. Therefore, the recording head must be changed by the number of times which is 
smaller than the number of times required for the ink tank to be changed. Since only the relatively low cost ink tank is 
usually changed, the running cost can be reduced. However, the foregoing structure comprising the recording head and 
the ink tank, which are mounted separately, requires the portion for establishing the connection between the ink tank 
and the recording head to be manufactured precisely in order to prevent ink leakage. 

The recording apparatus adapted to the ink jet recording method must be capable of satisfactorily supplying ink in 
a quantity to be discharged through the recording head during the recording operation, and as well as must have an ink 
supply system capable of preventing ink leakage through the discharge port in a period in which the recording operation 
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ThelolSna problem of ink leakage through the discharge port is a peculiar problem for the ink jet recording 
J! o o der to overcome the foregoing problem, the pressure at the discharge port has been usually lowered 
^^TmLo^o pressure. To realize the foregomg state of "jJ^^^S 
s has a necativa pressure generating mechanism provided for the ink supply system thereof. Note that the negative 

Tj^Fto*£L™ wi ' h res ? ec! t0 thB direCti ° n ' " WhlCh " k iS SUPP ' ied '° diSChaf9e P ° rt V " 
oressure in which the pressure at the discharge port is lowered than the atmospheric pressure, is meant. 

P , e in^ 

portion can be attached/detached smoothry without ink leakage so as to reliably supply ink to the recording head, ,n 

ro addition to the loregoing requirements. . 

^example of the structure o. the ink container serving as the ink accommodate portion for use n the ink jet 
recolg apparatus has been disciosed in Japanese Patent Laid-Open No. 63-87242 (hereinafter called « ■ Hrst conven- 
tiZZxJpl*) According to the first conventional example, a structure of an ink jet recording carr^ge has .been d,s- 
ctosed Xh comprises an ink container substantially completely filled with a foaming material and a plurality of ,nk 

" diSC X Gainer of *. foregoing type, negative pressure can be generated due to the cap,, ^ - 

medium such as poiyurethane foam which is the foaming material for reserve ink and ink can be held (ink leakage 

^Z^^^^n, exampie retires the foaming material to be substantia,, comply 
20 enctosedTn the ink accommodating portion, whereby limiting the quantity of chargeable ink. Furthermore the quanUty 

oTSualTink in the foaming material is large as compared with the hk container accomodating only ink. Thus, there 

arises a orobtem in that the efficiency in use of the ink is unsatisfactory. 

In order to enlarge the quantity of chargeable ink in the structure comprising a foaming material to serve as the 

neqative pressure generating means in the ink resection means, a structure has been disclosed ,n Japanese Paten 
25 La d Open Na 6 4^043. According to the foregoing disclosure, an ink reservation container comprising a ^n for 

accommodating a negative pressure generate member and an ink accommodatmg portion for accommodating ink, 

^n^SSed f J each other, is empbyed so that ink except a portion, which adheres to the wall of the ink accom- 

modatfna oortion can substantially completed be used. Thus, the capacity of the ink resection contame, can be en- 

30 head so that the performance of supplying ink is stably maintained for a long time Canoed 
in any type ofthe foregoing ink jet recording apparatuses, it is preferable that the m ^fZT^t^o^ 
at appropriate timing. Furthermore, there is a necessity of providing a means for accurately detecting he ^™y °fink 
^ttTn he ink reservation means and a means for appropriately detecting the moment at which ink will be consumed 
T, ink n the ink reservation means is empty, the discharge means for discharging ink 
ss generates the discharge energy in the state where the ink reservation means does not ^commodate nk I particu ar 
a so-called bubble jet ink recording apparatus, which comprises a thermal energy generating means, such as m alee 
STo- heat conversion device, as a discharge means to use pressure generated due to status change ^^sed by the 
heaYof ink so as to discharge ink, encounters undesirabie rise in the temperature of the recording head and damage of 
the recording head if the thermal energy generating means is operated in the state where no ink ,s .left. 

In an ink jet recording apparatus comprising a mechanical pressure generating means, such *s a piezoelectric 
devi e,To erv^e as a olscSanJ means for discharging ink, operation of the discharge means in a state .where nc link, 
left causes the mechanical pressure generating means to continuously generate pressure wrthout load acting dunng 
the ink discharae As a result, the discharge means and durability detenorate. 

Hrt herto theUave been disclosed a structure for detecting ink empty state (state where ink has been consumed) 

- inthenTre^ 

comprises an optical device for detecting the light transmission state ,n an ink tank, as ,n Japanese Patent P™ion 
NoT 74 6 Tin which the empty state is detected by electrically conducting an electrode member, and as ,n Japanese 
Patent L^WOpen No. 59-1 94853 in which the number of discharge pulses is counted to estimate the quantity of con- 
ciimori ink 'hereinafter called a "dot counter method"), 
so ^TJTZio^m conventions ink empty state detection apparatus (the ink residual quanmy detection, appa- 

ratus, cTnno accurately detect the residual quantity of ink when adapted to the structure .n which a foaming mate nal 
eSg as the negative pressure generating member is enclosed in the ink reservat,on means « J" 
ink reservation container in which the portion for accommodating the negative pressure generating member and the ink 

an oEl davL and the structure for detecting the empty state by detecting an ^f^^^^SL 
in detecting ink empty in the ink tank accommodating the negative pressure generating member because ° ,the ^'^- 
of the ^kLervatbn container. Even if the residual quantity of ink left in only the ink accommodating P ort,on of the 
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structure, in which the portion tor accommodating the negative pressure generating member and the ink accommodating 
portion are separated from each other, is detected, a considerably large quantity of ink is left in the portion lor accom- 
modating the negative pressure generating member whereby allowing the toregoing structure to be used only to alarm 
somewhat reduction in the quantity of ink. 

The structure for detecting the residual quantity by electrically conducting an electrode member sometimes encoun- 
ters adverse influence upon ink supply if a desired negative pressure cannot be realized in a case where the disposed 
electrode compresses the negative pressure generating member. 

The dot counter method cannot prevent an error because the quantity of use becomes different depending upon 
scattering in the quantity of discharge per one discharge operation, scattering in the quantity of ink initially charged into 
he ink tank and the difference in the quantity of use due to the environment for use. The foregoing error is sometimes 
the had of the overall quantity of ink, thus resulting in that issue of an atarm indicating reduction in the residual quantity 
or interruption of the operation of the recording apparatus must be performed in a state where substantially the half 
quantity of ink ,s left tn order to reliably perform the same. If the alarm or interruption is performed at a timing at which 
a constderably large quantity of ink is left, the purpose of detecting the residual quantity cannot be achieved or ink will 
be used wasteful!/ If the residual quantity is detected accurately by the dot count method, the cost cannot be reduced 
Since the capacity of the ink reservation container has been enlarged recently, the residual quantity of ink cannot ac- 
curately be detected. 

In view of the foregoing, the present invention employs a structure for detecting reflected light of light made incident 
upon the ink tank. However, the structure for detecting reflected light has the following problems to be overcome 

As a sensor for emrtting fight and detecting reflected light, a photointerrupter is usually employed in which an LED 
serving as a light emission means and a phototransistor serving as a fight receiving means are accommodated in one 
package. Since the lifetime of a photointerrupter is usually shorter than that of a printer, the LED is turned on only when 
it is used to shorten the time, in which electric power is supplied to the photointerrupter 

Since both light emission quantity of the LED and the sensitivity of the phototransistor of a photointerrupter scatter 
the combined photocurrent output characteristic of the LED and the phototransistor scatters by about two times to four 
times between the upper limit and the lower limiL In a case where the photointerrupter is used to serve as the ink empty 
detects apparatus, the output from the photointerrupter must be adjusted to be included in a predetermined range 
that is, so called calibration must be performed, ' 

The calibration is performed by, for example, in such a manner that a reflecting portion for calibration having a 
predetermined reflectance is provided, the reflecting portion is irradiated with light emitted from an LED, light reflected 
by the reflecting portion is detected by a phototransistor, and a variable resistor for limiting the LED current is so adjusted 
that the output from the phototransistor is included in a predetermined range. 

However, the foregoing calibration operation has a plurality of problems. 

For example, the operation for calibrating the output from a photointerrupter 6 by adjusting a variable resistor 87 
for limiting the LED current cannot easily be automated, whereby increasing the manufacturing processes 

If an excessive error takes place in adjusting the output from the photointerrupter during the foregoing operation 
there is a nsk of erroneous result in detecting ink depletion. Accordingly, accurate adjustment must be performed where^ 
by further increasing the manufacturing labor. 

Since the foregoing operate is performed in a process for adjusting the printer to be performed in a manufacturing 
plant jhange in the quantity of light emitted from the LED 5 occurring due to time lapse or change in the output from 
the photointerrupter 6 occurring due to contamination of the same after the printer has been shipped changes the output 
from the photointerrupter 6. Thus, depletion of ink cannot accurately be detected. 

The structure using the photointerrupter to detect the residual quantity of ink in the ink tank has problems to be 
overcome to detect ,t further accurately. The reason for this is that the ink residual quantity detection apparatus that 
irradiates the ink tank with light and measures the difference in the quantity of reflected light to discriminate empty of 
ink has the following problem: LEDs for emitting light must emit light in the same quantity (the LEDs generally emit light 
in different quantities). Therefore, the quantities of light emitted from LEDs must be measured to select an LED deter- 
mined to emit light in a quantity included in a predetermined range. The reason for this is that the difference in the 
quantity of light emitted by the LED causes the quantity of light received by the light receiving device to be different 
Furthermore, the foregoing difference affects the change in the output from the light receiving device, with which the ink 
empty is discnminated. A similar phenomenon applies to the light receiving device. Thus, the output value must be 
constant with respect to the quantity of received light. Therefore, the light receiving device must receive light in a pre- 
determined quantity and have a constant output characteristic. The foregoing necessity of selecting a light emitting 
device and light receiving device enlarges the cost 

In addition to the requirements for the devices, the system for operating the photointerrupter must be subjected to 
an error adjustment process. In the foregoing system, there are involved the voltage level for operating the LED portion 
of the photointerrupter, allowable manufacturing error in the value of the current limrting resistor for limiting the electric 
current that flows in the LED. allowable error in the current-to-voltage conversion resistor in the light receiving portion 
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printer is enlarged. annara riis has the structure that the distance Irom recording paper to the 

Since the conventional ink jet recording apparatus has the *™" u h a(is9S a prob | ern in that the 

-Jetothepaper.^ 
w internal structure, and .he overall cost ol tne pr mer " foreqoinq type. However, sensors serving as 

printer. According^, a low cost sensor apparatus has been required, 
is SUMMARY OF THF INVENTION 

,n view ot the problems experienced with tne " 

20 ,hat ;^t=;^ 

ESL-STff Sn Agoing po^n , == -^-J ^ quanti , o( liquid in a 

apparatus.orde.ectingthe residual quantity of ^ 
light.romalightemittingportionthere^^^ 

experienced with the conventional .unction for ^ ^ a mets capable ol 

negative pressure generating member, such as ^ff^lu^T^Z^er that ink depletion to a prede- 
fining a .unction of accurat « 2^ ^nce from the carriage to paper, 
termined level can be detected ^ " " "™ o) detec ,i ng the residual quantity of ink, the sensrtmty 

ink to the recording means, detection means for Reeling wne ™ photointerrupter provided 

o.ink,andcontrolmeansforc=ntroj,ingthe^ 

independently from the carnage and having a I gh emitting | oe « , |at9 , or ref | ec , ing 
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for delecting the residual quantity of ink with which, in acase where change .oa new ink tank is performed after depletion 
suspended automatically without a suspending means. 

nhJU ? rd6r 1° f'T 1he '° ra90,n9 0bjeCtS ' 1,16 present invention has a *«* »«« detection light from a 

, P hB , !T P k 15 3 " 0Wed '° PaSS thr ° U9h 3 P 0 "™ °' me wa " surface °< an in * Ian * "«*» of iransparenfp a ^or 
e Jc Lf B ' C ,h TT 6 ^ reSPSCt 10 de,eC,bn ,i9h ' ta the P^'o-n-upter 6 to detect change ^i the light 
reflectance of the boundary portion between the wall surface and an ink absorber 7a, data obtained by the detection 
means by ceding the quantity of reflected light a, a predetermined timing, a resuit o, the rJ^s an nte ge, S ch 

Eb£ fredLTs made. ^ *" ' **« is «*n*t detection that ink in L ZZ 

SC rin^n 9 o,Th d °T*t aM ^ s <* the ™ 9 "tion be evident from the following detailed de- 
scription of the preferred embodiments in conjunction with the attached drawings. "euiiiea ae- 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side view showing a carriage according to an embodiment of the present invention- 
Fig. 2 is a diagram showing a state where an ink tank and a head are mounted on the carriage shown in Fig 1 ■ 
Fig. 3 is a schematic view showing the carriage when viewed from a bottom portion" ' 
Fig. 4 is a schematic view showing the overall apparatus according to the embodiment of the present inventor 

o^ep^n^^ 

Figs. 6 and 7 show a principle of detecting the residua) quantity of ink according to the present invention- 
Fig. 3 shows the output from a photointerrupter according to the embodiment of the present invention- ' 

o.' 9 *: i^tzz^ diasram showin9 a residuai quamity deteciion appara,us ™ g ,o ^ 

Fig. 10 is a timing chart of the operation of the residual quantity detection apparatus shown in Fiq 9- 

Fig. 11 is a flow chart of a calibration method adapted to the residual quantity detection apparatus shown in Fig 9- 

s?ol^ 

Fig. 13 is a flow chart of the calibration method according to the embodiment of the present invention- 
a^i^^ 

^^^^^sr-^ stmc,ure °' me residuai « a « ™ 9 

aTpalVjor^ig 0 '™ 0 ' °' det6Clh9 *" by lh9 

t^s^ 

toll G !™^^ 9 T eS5ily °' CalibratiOT1 °' m9 ° UtpUt chara ^ristic 01 the photointerrupter according 
to the embodiment of the present invention corresponding to the distance- 

, F nl 9 entic? 0WS SeqU6nCe °' "* pho,oin1errlJ P ,er acc °'^S to the embodiment of the present 



2?'h I' Jit StrUCtlJre 01 3/1 SSnSOr aCCOrdin9 10 the e ^bodiment of tte present invention in 

I , T Sla!e Where eBnte9e iS * 3 CapPin9 pOSition - Fi9 ' 21 a state where carrfage is * 

, P ™ f'f a ? ,ma 9 e ° n a rela 7 e( y thin recording medium, and Fig. 22 shows a state where the same is 
at a position to record an image on a relatively thick recording medium 

p!Le^VL a en , .bn kdia9ram Sh ° Win9 C ° rreCti ° n " ^ °' ^ <° ,he ^^odiment of the 

the i?l!f t k d ,l 9ram Sh °r in9 3 StrUCt " re '° r COmra " in9 correc!ion of the sensitivity of the sensor according to 
the embodiment of the present invention; a 

Sentfon 5 3 limin9 ^ °' C ° rreC,i ° n °' ^ """^ * SenEOr aCCOrdin9 '° the «""«dimGnt of the present 
Fig. 26 is a graph showing change in the reflectance of light occurmg due to depletion of ink; 
Fig. 27 is a schematic view ot a printer for use in the embodiment of the present invention' 

emhodi^fn^ SCh T a ' iC Vi£WS Sh0WinQ 3 h6ad ' an ink tank " and 3 carria 9 e <* »• Printer for use h the 
embodiment of the present invention; 

Fig. 30 is a block diagram showing the electrical control structure for the printer for use in the embodiment of the 
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present invention; ar( . Q rdina to the embodiment of the present invention; 

photointerrupter from a bottom portion of me *f™v embodiment of me present invention; 

^r;«—rr.=rrr:s. « - — — * • - — - - - 

present invention. 
nc.rp.PTinN OF THE PREFERR ED EMBODIMEN TS 

Referring to the drawings, embodiments o, the present invention w,„ now be deseed. 



First Embodiment 



40 



45 
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ss 



invention * added. ,„ rose(1 | S a chassis to which components ate attached. 9 represents . a 

Reletting to Fig. 4. reference numeral B represents a cnass s t appa , alus and arranged to move ra- 

p.p.r IX roJdi.po.ed In the ^^^Z^X^^ " " M " "" 

■,c.r„arrpXt.^^ 

"™H,,,nc.nvn»,.,W.p,..«..^^^ 

sents a head cover tor securing an ink )et head *™> ™ 8 * ^ 3 o) appara tus to the Inkjet head mounted 

inning operation to be ° f 1he W 161 ^ alter 

Reference numeral 17 ™P«^ a8 ^" P J^'^ WB cap tor protecting a discharge port (herematte 
the suction op«Uon. Rd™n« 

called a "nozzle") of the ink jet head from being dr * =learance betwee n the recording paper and *e 

a paper-posfen switch lever disposed ^« ^ ™£ Re1erence numeral 6 represents a reflective phe- 

inkjet head in accordance with the th.ckness 0, ^^^ P , te sefV e as an ink sensor. Reference numeral 19 

represents a sub-discharge port for rece win? ) inK H . nk head 

,ne printing operation in order to prever W * ^Lrn showing a state where the Mc tank ,s mounted on 
Referring to Figs. i. ano o, ioioio 
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allow light from the photointerrupler 6 to pass through 

7a represents an absorber disposed i 7e * tank Xc ™ ° U ,h * 1 " Re,erence nu ™ a < 

"^P-ntsabounc^^^^ 

7. Reference numeral 7c represents an ink accommodating pcS (he ehaner Ibm f ° ?9 °' ^ 

portion-) (or accommodating in the ink tank 7 ink in =,7,1, T , erelnafter caBed as a «w ink accommodating 

ink tank 7 and the outer wall 7e oUUe^MjTH™ T! T * P ° ni0n between ,he raw «* « the 

t «sM, y W .h respect i^"^ L'S^rel^rSS ^ **" "* ^ 

f to 

passage (hereinafter callers a Veturn ^£* etm ™ nUmera ' 6a represen,s a n SW 

and then reflected returns, light b.£ the! SEtaiS^ ' * by ' i9h ' P° rtion 6c 

passage have the reflection Lace Z^to^^Z^T ™ ^ * ^ * ^ ligh) 

whan the paper-position switch ,ever 5 is operated nTprJcS!^^ rf Carna " 1 " considerab| y 

adjacent to the focal position of The photo^mSTe^^ h h " ™ ? ** abSOrber 7a be located 

photohterruptere, the^tec.ion Kgh, iSS^S^^SSZSZl ? T' °' 1,16 ^ °< the 
lb of the carriage 1, whereby lowering the S/IM Join ZectZ * ^ ^ °' apemjre 

apJX^t 0 ^^^ 

in corresponding ink tanks mounted on frie^^rn^ga 1 ^^^rgf^^g j^ghgQ^u^ u ^k^T^ ^*'^'^ r inks are accommodated 
magenta or yellow which are usually used in a cobr nrin,! T' ? V ' hB abSWber 7a is cf black ' c va". 

24 and a passage 30 in the printing head 2 and h.n T flows from the absorber 7a, the supply port 

as a -heater-) a", seo-ing as'a dK£ meaT ^JgZSSllTZ 7™ 

reflected light 5b by" the J ^2 £ f ' T * "» ink 7 « - to *•» 

as the detection system is individual* disposed bm^JT * ^ 9 1 Ch ihe P h °<° in <e™Pter S serving 

from the apparatus body to the <STwn^^ '™ 
structure can be simplified and the cosUan bVreduced ^ ^"^ "° m the S ' rUC,Ure ^ ,he 

terror 6^S£r ^cieXC^^ oSf "TT ""^ ^ *" '™ - 
showing a state where the same X^o^J!^^ 3 ^ 'V^ ^ tank ? ' Fi9 " 7 is an en,ar 9 ed view 
from the light receiv.g portion Sd o, the p U^Z ^ °- ^uZZ 111 * ^1 T*" ^ h thS °« P « 

The principle for datecting the residual au^Z ^fL '"T™ 9 .'" accord an« w,th the quantity of residual ink. 

In genera' Fresne.'s laZ*^^"^^" 1 " ^ PreS6nt inV9ntion ^ »° ^on beti . 
1 and 2 having different refractrvities are 

p-polarization component 



_ n2-cosB1 ■ nl cosB? 
n2-cos81 +n1-cos92 
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s-polarization component: 



n1cosfl2 -n2cos82 
rp = ni-cosfl2 + n2-cosHi; 



where 



ni: refractivrty of medium 1 

n2- refractivity of medium 2 

e I anole made by a light beam in the medium 1 from norma ne 

62: angle made by a light beam in the medium 2 from normal line 

(the foregoing lour factors have a relationship expressed by ni «in61 = n2.sin62). 
,„ this embodiment, assuming that light emitted from the « * 

given: 

(M + n2) 

- a sufficiently ,rge cuan,* o, ink is accommodated h the 5^^^'^. « ^ 

Snf/and the surface of the absorber 7a has a ^JSS^ ^V-Ln 0.. wall «*» 7e o, the in. ,anK 
As ink is consumed, air is, as shown ,n F.» 7 ™ £ach o) ma inner wa ll of the ink tank 7 and 

7 and the absorber 7a through the a,r ^^T^ST^ 2. of empty of ink. That is, if no ink exists, the 
lhe surface of the absorber 7a has a ^^Z*™ cTlighteLep. light reflected by the boundary 

foregoing difference in the output). hptu , een in e ink tank 7 and the raw ink accommodating portion 7c 

number of the reflecting factors are different as follows: 



Table 1 



Reflecting Factor 


Absorber 


Raw Ink Portion 


Ink Tank to Ink 


V 


V 


Absorber to Ink 


V 




Scattering in Absorber 


V 




Total 


3 


1 



creases the quantity of reflected l'9 hl - . „ = 1 , he ref | ectari ce is made considerably different 

f ePe f r^sTanv^rmTde 0 - 

St ^ detected ^rdanc^^r^^J . pojnl 
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Tte^lT* e ,H> a T P / ed f thresho,d < a residual Polity enabling about , 5 sheets to be primed is determined 

lobe the threshold). The alarm LED on the display panel of the body of the ink jet recording appa^tus is turned™ so 
that user is able to recognize depletion ol ink. <vh«"«u5 is lurneo on so 

nr H^L^T °l reSidUa ' u Umbe ' * Pfintable Sh£etS indica1ed When ,ne de P |elion of ink ^ displayed can be increased 
or decreased by changing the threshold level. As can be understood from Fig. 3. the number srnaiL than SLTvS 
the output <s made (the residual number of sheets of 30 in the case of Fig 8) cannot easirv be dislved n,IZ 
o printable sheets when the output is performed can be changed by shL *7S5£ £2«X^ b?£ 
photonterrup ere. Thus the alarm can be issuedto correspond ,o a desired number of P rinteb!e3s 

To reliably prevent defective printing operation, the printing operation may be interrupted in place of issuina the 

m™^ 
bythe^l^ 

By the ,nk tank 7 having the absorber 7a serving as the negative pressure generating member is detected bv the lioht 
recerving portion 6d. and depletion ot ink in .he ink tank 7 can be detected in accordance with ihe ou^u, level ' 
The absorber 7a serves as a negative pressure control membertor controlling the negative pressure of 'rk sunned 

Sir J an « d als r e,ves 35 a reflecibn conirai member ,or ^ wZw S 

light emm^g portion 6c so that depletion of ink in the ink tank 7 including the absorber 7a is accura i£ detelVd 

In this embodiment, four ink tanks 7 corresponding to four colors adapted to a color p^Ta,ranSL^ 
Therefore movement of the carriage 1 causes the ink tanks 7 for the respective colors to sequenUaBy ace ,S oho o n 
erruptar 6 so that the residual quantity of ink in each tank 7 is detected. Since changes h^^SS^S^^ 
to all colors must be respectively followed, corresponding memory means are required. Although pTe eraWe S 

When the present invention is adapted to a color printer to detect the residual quantities of inks in ink tanks mr ™ ' 
nwii^ H four colors by one photointerrupter, the position in the ink tank, at which the n^ga^ive^re^s^e^e^e^tiruj 
member ,s disposed, ,s detected. Therefore, movement of ink can substantially be prevented when le ^Zll TmCvTd 
whereby enabling the residual quantity of ink in each ink tank to be detected 9 ' 

In this embodiment, detection is performed through the bottom surface of the ink tank 7 u™.<*, ar ... 

see zT'^ to *z r c,ure in which detection is pM ^ £. ^zi^Te^ zns 

detection may be performed through the side surface or the upper surface 

tSo ^ P H efe ^ b 'l ,ha ! de,eCti ° n b6 Pert0mned thfOU9h thS bottOT s " rface ° f ^ ink tank 7 

Th JJ„™ ^ , 9 ' S ^ USUa " y mif ° rm - and link is rernoved in lha <* =P0ts when ink is depleted 

Therefore, even « ink exists, the photointerrupter 6 accidentally detects a portion from which ink hTs been 

a contrary case will take place. Therefore, even if the same levels are iBt^^^^^T^^T 7 

are made different. If the worst comes to worst, ink can be depleted without issue of Z llZ ' ^ 

h„„ ri eaSi ^ bS accumula,ed on "» bo1to ™ surface of the ink tank 7 due to the gravity the influence of the 

S "k tant Ch,'" t ab *°-T\ 73 ^ be G,iminated - Theref0re " de,ectbn <> erf °™ d througle tonom suS o 
the ink tank 7 enables the residual quantity of ink to be detected accurately sunace oi 

,„ n J1 d8SCr , ibed ' th8 present invenlion enablBS daplali<xi of ink to be detected in accordance wrth the chance in the 
reflected at a position a, which detection is performed. The actual reflectance may be Jc ate^ Ho use Seated 

T^Tl, ,12 reSPOnSS IO 3 Si9na ' SUpp ' ied *° ,he emfttin 9 P° rtion 6"=- I" accordance wrth th™Z o 
emitted light and the quantity of light received by the light receiving portion Sd the reflectance c^ Z JZl^ c 

S^SE? ,n accordance wfth 8,6 chan9e in lhe re,lec,ance 7h "-** •» ««» - ^ S^ISS 

Second Embodiment 

A second embodiment of the present invention will now be described with reference to the drawinqs 
This embodiment ,s able to overcome a problem experienced with the structure for detectinq the residual auantitv 
of ink according to the first embodiment taking pfcce due to scattering in the quantity of lighTemmed bv heth 
means and the sensitrvrty of the light receding means forming the pho.cintJrrupW * 9 ^ 

inniHo 9 , 15 1 a , SChema " C View 01 3 resWual ^ anti >y detection apparatus employing a method in which light is made 

e InL r 7 SParen ' ' ank aCCOrdin9 '° the firSl embodi ™ n ' t0 ^'-=t reflected light. Referring to Rg ,5 

reference numeral 7 represents each of four ink tanks, 1 represents a carriage 1 on which each ink tank 7 k InLl* 
and ,a represents a reflecting portion for calibration provided for the carriage^ ReTeSJ ^ aT^XS 
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25 



l,i"n HQ. " 8 In » «»d* »«l »»"■>«« >™=' «"» '«=°" 1 « 0 " » 

When the LED on/off transistor 89 is turned on in response to the LED on/off signal 84 supplied from he CPU 62, 

Zn»» , nnn.ntransistor 6d"> between the output voltage B6 (the actK/ation voltage) obtained when the LED 6c is turned 
V^ClZT^oeieZZk voltage) obtained when the LED 6c is turned off is small. If no ink 81 ex.s.s in 
.he i Snk C ' - >S beS e n tJUundery portton between the ink 81 and the ink tank 7. Therefore the 
output £ Pho^sistor 6d is enlarged. Therefore, existence ol in, 81 can be detected by de.ecng the output 

VOrt R 9 2rrS ^^STSS in Fig. ,6. the method of detecting whether or not ink exists w, now be descn^ 
Sly insteps 

initially, in i siep ° « 2 h t , lt a6 is d9 t ect ed in a state where the LED 6c 

volage 86 is detected in a state where ,he LED 6c is turned on. The thus-detected output voltage (ca.led as ac.rvat.on 
voltage) is expressed as Von. 

^ Z 565 "whether irl £2 J vtC than a predetermined reference voKage V* is disrated. I. the 

is perl that no inV : exists^ correspondjng t0 tne result of detection whether or not ink exists is performed. 

a" h Sl^^SfiS L ^interrupter 6 including the light emit.*g portion and ligh, 
recede PC 'on in one package is usua.ry employed. Since the Itfetime of the photointerrupter 6 is usually shorter han 
Z Z me^hnter, the LED 6c is turned on by ,ho LED on/off transistor 89 only when the ink existence ,. detected to 

6 scaler the comb Led photocurren. output characteristic of the LED 6c and the phototransistor 6d scatters by about 
two tesTo fouM^es between the upper limit and the lower limit. In a case where the photointerrupter 6 is usee Mo 
Zl as the Ink empty detection apparatus, the output from the photointerrup.er 6 must be ad.us.ed ,o be included ,n 

3 P ^Srr P Srr^ suT^aTS a reflecting portion , ,or calib—s a 

portX 1» is detected by the pho.otransistor 6d. To cause the output trom the phototransistor 6d to be included .n a 

Predetermined range, a variable resistor 87 for limiting the LED current is adjusted. 

'""a the foregoing conventional example suffers from the following problem, The ^"^^^ 
e «ilv be automated as described above, the number of manufacturing processes ureases to perform accurate ad 
Sint anoThe output changes due to change in the quantity of light emitted by the LED 5 as the time lapses and 
due™ ccn.amin: t ° n P o f ,he photointerrup.er 6. As a result, there arises a problem in that accurate de.ee,™ cannot 

""'This 9 eCooTmen, is able to overcome .he foregoing problem and the detection means b enabled to automatical* 

^'"Ss embodiment is adapted .o an ink |et recording apparatus which is arranged similarly to that according to the 
firs, rmbodTrS. an d d9 JJticn. o, the basic structure of the apparatus and the principle for detecting the residual 

^Se^c view showing .he structure of an « existence detection apparatus according to * b embod- 
imant and adapted to a color ink jet recording apparatus, 
r Ref erence numeral 7 represents an ink tank, 1 represents a carriage, on which the ink tank 7 » mounted^ 1 a rap- 

resents a ref ecdn'portion for calibration provided for the carriage 1, 81 represents ink, 6c represents an LED serving 
as a gn! emrtti g Pinion, 6d represents a phototransistor serving as a light receiving port™, 87 represents an LED 
c rreSlitTng resLr. 89 represents an LED on/off transistor, BO represents a phototransistor load resistor. 9 1 repre- 
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seals a k«W filler, 82 represents an A/D converter, 33 represents a CPU. 95 represents a PWM signal for turning 

.1 L l ' re P fesents a raw 0U, P* TOlta 9e from the phototransistor 6d, and 90 represents output voltage 

through the lowpass filter 91. F u 

Fig 10 is a timing chart showing the relationship among the PWM signal 95, the duty ratio, turning of the LED 6c 
on/off. the raw output voltage 86 from the phototransistor 6d. and the output voltage 90 through the low-pass filter 91 , 

Tp: PWM period 

TL; time in which LED is turned on 

TD: time taken from turning LED on to measurement 

Voff: output voltage in a state where LED is turned off 

Von: output voltage in a state where LED is turned on 

V: output 

Duty Ratio = TUTP 

In response to the PWM signal 95, the transistor 89 is turned on and off in a cycle of several KHz to several hundreds 
of KHz to turn the LED 6c on. In a case where ink 4 exists in the transparent ink tank 7, lighl is not reflected by the 
boundary portion between ink 81 and the transparent ink tank 7. Therefore, output from the phototransistor 6d is small 
while the output is large if ink 31 does not exist because light is not reflected by the boundary portion between ink 81 
and the transparent >nk tank 7. Therefore, detection of the output votege SO by the A/D converter 82 enables the exist- 
ence of ink to be detected. The low-pass filter 91 is provided to remove the period component of the PWM signal 95 
superimposed on the raw output voltage 36. 9 

Referring to a flow chart shown in Fig. 11 , the calibration method will now be described 

In step St irradiation of the reflection portion la for calibration with light emitted by the LED 6c is realized by moving 
the carriage 1 by a carriage moving mechanism (not shown). 

In step S2 the output voltage 90, which is Voff, in a state where the LED 6c is turned off is detected 

in step S3 whether or not Voff is higher than a certain voltage level VmaxO is discriminated. If Voff is lower than 
VmaxO. a discrim.nation ,s performed that an electric current leaked from the phototransistor is larger than a predeter- 
mined value. Thus, the operation is shifted to step S 1 5 in which a discrimination is performed that a defect has occurred 
In the foregoing case, disconnection or defect of the sensor due to failure of the LED can be considered 

The foregoing VmaxO is output voltage obtainable from the maxmum value of the electric current leaked from the 
phototransistor and holds a formula (Vcc - maximum leakage eiectric current x current limiting resistance) 

n step S4 the duty ratio stored in a non-volalile RAM is used as the initial duty ratio of the PWM signal 95 

in , h L n ^ B "Tn^^T' ^ represents the du, y ralio 01 «*» signal, and DO represents the duty ratio stored 
in the non-volatile RAM (the duty ratio for use in detecting existence of ink). 
In step S5 the duty ratio of the PWM signal 95 is set. 

v„ J" 'onf 6 OU !T »' 1398 ° f LE ° 6C iS de ' eC,ed h 3 Case «*ere the LED Sc is turned on, the detecting output 
voltage 90 being used as Von. 

In step S7 the output V is calculated which is similar to V shown in step S56 shown in Fig 16 

is Jrfo^d l^T/^'nV V l hi9t T B,an 3 CSnain Vmin ° iS disCf ™ a,Bd - " v is '°w 9 r1han VminO. a discrimination 
« !l T, h r^ T °\ T P h ° t0transls,or 6d has been broken down or disconnected. Thus, a discrimination 
is performed that a defect has taken place, and the operation shifts to step S15. In the foregoing case, disconnection 
or defect of the sensor due to failure of the LED can be considered. 

In the flow chart above VminO is a threshold with which whether or not a failure has taken place is discriminated 
If an affirmative domination has been performed in step SB, the operation proceeds to step S9 in which whether 
or not the output V is included in a certain voltage range b discrimma.ed. If the output V is included in the foreqoinq 
range, a .discrimination ,s performed that the duty ratio of the PWM signal 95 has been adjusted. Then, the operatbn is 
removed from the loop and shifted to step S13. In step S9 whether or not the output V satisfies Vmim < V < Vmaxl is 
,hT a T n f h V " here |( Vminl re P resents lhe iower <* 'he adjusted output and Vmaxl represents the upper limit of 
he adjusted output. If a negative discrimination is performed in step S9. the operation proceeds to step S10 in which 
the duty ratio of a next PWM signal 95 is calculated from the output V and a target output 

pw ^ e dUt , V oT UO ^ ° f n6Xt PWM Si9nal 95 090 bB de!srminfld "V 'he product of .he duty ratio Duty of the present 
PWM signal 95 and (target output Vtarget/present output V), where Vtarget indicates a target output during calibration 
In step S1 1 whether or not the duty ratio is included in a certain range is discriminated. If the duty ratio is out of the 
foregoing range, a discrimination is performed that the combined photoelectric current output characteristic does not 
satisfy a required characteristic or contamination of the reflection portion la for calibration or the LED 6c or the oho- ' 
totrans.stor 6d caused the reflectance to be changed excessively to perform accurate detection. Thus, the operation 
proceeds to step S1 5 in which a discrimination is performed that a defect has occurred. 
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The discrimination as to whether or not the duty ratio is Included in a certain range is performed by eutqecung the 
loweMimfom" of adjusted duty ratio and the upper limit Dmax of the adjusted duty ratio to a -"pans- 

■stnred in a non-volatilo storage device (no shown). . 

U Veal and DO have been stored in step S14, the state of the in. existence detection appends -s se t in step S15. 

Ref er ing to a flow chart shown in Fig. 12, the method of detecting existence of ,nk will now be descnbed^ 

m 2 P S 2 7 irradiation of the ink tank 7 with iight emitted by the LED 6c is realized by mov.ng the carnage 1 by a 

"'^teTS^^SX^detected in a state where the LED Be is turned o«, the thus-obtained voKage 

' eVe 'ln step S23 the duty ratio DO stored in the non-volatile RAM is used as the initial duty ratio Duty of the PWM signal 95. 
In steD S24 the duty ratio of the PWM signal 95 is set. „„„,„-, 
In slep Ss the output voltage 90 is detected in a state where the LED 6c is turned on, the thus-obtamed voltage 

level being Von. 

In step S26 the output is calculated (V = Voff - Von). 

in 1 Z S£ S^^SSS* *an a certain value Ath is disrated. „ the output ratio A 

is smaS han aJ a e'aSe discrimination is performed), a discriminate is performed that Ink exist,. 11 the output 
a rfr,arger than Ath (L affile discrimination is performed), a discrimination is performed that no ,nk e«rta_ 
[n the flow char above, Ath is the threshold for the output ratio with which the discriminate as to whether or not rnk 

SXiS In stec S29 the result of the detection performed in steps S2B as to whether or not ink exists is set. 

Bv caLSng the ratio of the output during the detection of existence of ink with respect to the output dunng cal,- 

=nri rius to chanae in the output caused 1rom contamination of the photointerrupter 6 can be canceled. Since the lower 
2 ?£^ o££Z the upper limrt o, the same can be set widely with respect to the target output, the number 
of looping during the calibration can be decreased. 

Third Embodiment 

Fin 1 3 is a flow chart showing the calibration method according to a third embodiment of the present i^entio^The 
« V ,?ho is the same as that according to the second embodiment. Processes to be performed in steps 

^^^r^rrasasists:- — - « - — » - 

non-volatile RAM (not shown). 

In steDS^S the state of the ink existence detection apparatus is set. 

Referrina to a flow chan shown in Fig. 1 4, the method of detecting the existence of ink w,ll now be described. S nee 
the pSC«te S56 are the same as those in steps S21 to S26 of the ink existence detect™ method 
accord,, , to £ second ^^^^J^TJ^^ * as the output. 

whether or not ink exists) is discriminated. If V is smaller than Vth, a d.scrimmation ,s penormed that ink exists. If V 

larger than Vth, a discrimination is performed that no ink exists. 

In steoS59 the result of detection of the ink existence is set. 

Bv iSinq the output a, the time of the detection of the ink existence by the corrector, coeftaent the ortpirt 
By mump y ing the output o( fte calio , at]on coinci des with the target output 

emmefbv the LED 6c as foe tim6 , apS es and due to change in the output caused from contammatton o1 the ph«™- 
wScanbecanceled. Since th. Slower limH of the adjusted output and the uppers of the same can be set w,defy 
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with respect to the target output during calibration, the number of looping during the calibration can be decreased Since 
the output can be corrected by simply multiplying the output during the detection of ink existence by the correction 
coefficient K in this embodiment, the division as has been required in the second embodiment is not required Thus the 
load for the software can be reduced. 



Fourth Embodiment 



A fourth embodiment ot the present invention will now be described. 

The conventional ink jet recording apparatus has the structure that the distance from the recording paper and the 
recording head is changed in accordance with the thickness o! the paper Accordingly, there arises a problem in that 
the displacement in the distance from the recording paper and the recording head must be considered when the sen- 
sitivity of the photointerrupter is corrected. In view of the foregoing, this embodiment is made 

Therefore, an object of this embodiment is to realize a function of detecting the residual quantity of ink which is 
capable of easily correcting the sensitrviiy and which is capable of precisely detecting a desired quanlity of residua! ink 

This embodiment can be adapted to the ink jet recording apparatus and the structure for detactino 'he residual 
quanlity according to the first embodiment shown in Figs. 1 to 8. The structure of the ink jet recording apparatus and 
the pnnciple of detecting the residual quantity are omitted from the description. 

The correction of the sensitivity of the photointerrupter 6 shown in Figs. 1 ,2, 5 and the like will now be described 

Fig. 20 is a diagram showing a state where a carriage 101 is brought to a position (the caoping position) at which 
capping is performed by a suction cap 1 7 disposed at an end of the movement passage for the recording head Referrinq 
the Fig. 20, the carriage 101 is moved upwards by a carriage fixing pin 104 in such a manner that a guide shaft 102 is 
used as the axis. 

At the capping position, the photointerrupter 106 is located below a reflecting plate 107 disposed in the bottom 
portion of the carnage 101. Therefore, light emitted by the photointerrupter 106 is reflected by the reflecting plate 107 
so thai light returns to the photointerrupter 10S. During the printing operation, the carriage fixing pin 104 is moved 
downwards. The carnage 1 01 is so supported by the guide shaft 1 02 and a support shaft 1 03 as to perform reciprocating 
operation in the sub-scanning direction for a recording medium 109. The recording medium 109 is moved below the 
carriage 101. 

Fig. 21 is a diagram showing a state of the carriage 101 located at a thin-paper position. An paper-distance adjust- 
ment lever 105 is located al 1he same positbn as the capping position shown in Fig. 20. However, the carriage 101 is 
not inclined as has been shown in Fig. 20. The reason for this is that the carriage fixing pin 104 is moved downwards 
and a member for supporting the rear portion of the carriage 101 is changed from the carriage fixing pin 104 to the 
support shaft 103. 3 

Fig. 22 is a diagram showing the state of the carriage 101 at the thick-paper position. At the thick-paper position 
he paper-distance adjustment lever 105 is stood erect. The relationship among the paper-distance adjustment lever 
105, a carriage support plate 110 and the support shaft 103 will now be described. The lower portion of the carriage 
support plate 110 is always in contact with the support shaft 103 due to the dead weight of the carriage support plate 
110. The paper distance adjustment lever 105 has a structure that the distance from the carriage support plate 110 can 
be changed by changing the rotational angle of the paper-distance adjustment lever 105. Furthermore the paper-dis- 
tance adjustment (ever 105 is connected to the carriage 101 at the rotational center of the papeMfislance adjustment 
lever 10a Therefore, ,f the paper-distance adjustment lever 105 is inclined as shown in Fig. 21 . the weight of the carriage 
101 is added to the paper-distance adjustment lever 105. Since the distance from the rotational shaft of the paper-dis- 
ance adjustment lever 105 and the carriage support ptete 110 is changed depending upon the angle of inclination of 
the paper-distance adjustment lever 105, the rotation of the paper^iistance adjustment lever 105 vertically moves the 
carriage 101 with respect to the support shaft 103. The rotation is performed relative to the guide shaft 102 Thus the 
distance from the recording nozzle 1 1 1 to the recording medium 1 09 is changed. Also the distance from the photointer- 
rupter 106 to the reflecting plate 107 is changed. As shown in Fig. 20, the distance from the photointerrupter 106 to the 
reflecting plate 107 is constam at the capping position wrth respect to the carriage position shown in Figs 21 and 22 
F,g 23 ,s a block diagram showing the structure including the photointerrupter. The carrege is, as shown in Fig 
20, al the capping position, and the distance from the reflecting plate to the photointerrupter is constant at this time An 
expected output in the foregoing state is, as a digital value, set as a set value 406 which is atarget value for the sensitivity 
correction. The set value 406 and the present output value are subjected to a comparison by a comparator 409 The 
error obtained due to the comparison is supplied to a transmitter 407, the transmission frequency of which is changed 
In response to an output signal from the transmrtter 407, an electrte-current switch 408 for controlling an electric current 
to be supplied to a light emitting portion 401 of the photointerrupter is turned on/ofl. Ught emitted from a light emitting 
portion of the photointerrupter intermittently operated due to the foregoing process is reflected by a reflecting plate 403 
so that reflected light 6b reaches a light receiving portion 402 so as to be photoelectrically convened. An intermittent 
electric current generated by a light receiving device is allowed to pass through a low-pass filter 404 so as to be converted 
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from intermittent voltage to DC voltage. The obtained DC voltage level is supplied 10 an A/D converter 405 so as to be 
subjected to a comparison with the set value 406. By repeating the foregoing sequence, the sensitivity of the photoin- 
terrupter can be corrected and as well as the sensitivity deluding the characteristic of each printer system can be cor- 

reeled. ... . 

Fig 24 is a diagram showing a structure for controlling the sensitivity correction. The sensitivity correction is per- 
formed 'when the carriage is at the capping position. Referring to Fig. 24. reference numeral 516 represents a clock 
siqnal A region surrounded by a dashed line 501 is circuits for a timer and an A/D converter provided in a microcomputer. 
In the structure shown in Fig. 24, when the quantity of light emitted by the photointerrupter is reduced, the output voltage 
from a low-pass filter 502 is raised. When the quantity of light emitted by the photointerrupter is enlarged, the output 
voltage from the low-pass filter 502 is lowered. Initially, the A/D converter 51 2 reads the present state to digitize the read 
state Data sampled by the A/D converter 51 2 is allowed to pass through a reading data bus 51 7 and is read by a CPU 
in synchronization with an A/D converter reading signal 518. Data read by the CPU is subjected to a set value, which 
is a target by software If the present output from the photointerrupter is low as a result of the comparison with the target 
value control is performed in such a manner that the quantity of light emitted by the light emitting portron of the pho- 
tointerrupter is reduced. If the present output from the photoinlerrupter is high, control is performed in such a manner 
that the quantity of light emitted by the light emitting portion of the photointerrupter is enlarged. The method shown in 
Fig 24 has the arrangement that the quantity of light from the photointerrupter is adjusted by changing the duty of pulses 
generated at predetermined cycles. The cycles of the pulses are written in a period timing register 505 and is loaded 
when the value of a period counter 506, which is a down counter, is zero. When the count of the period counter 506 is 
zero a pulse is transmitted to a line 51 9. The foregoing pulse is supplied to a setting lerminal of a set/reset flip flop 507, 
the pulse as well as resetting an off-counter 504. The off-counter 504. which has been reset, loads off-timing data from 
a off-timing setting register 503 and starts count down. When the count of the off-counter 504 is zero, the off -counter 
504 transmits a pulse to a line 520 and then stops the operation until a pulse is again supplied to the line 51 9. The pulse 
transmitted to the line 520 is supplied to a reset lerminal of the set/reset flip flop 507. The foregoing relationship is shown 
in Fiq 25 Note that a line 51 S represents a writing data bus for writing data to the register, a line 51 3 represents a wnting 
synchronization signal for writing data in the period timing register, and a line 514 represents a writing synchronization 
signal for writing data in the off-timing setting register. In response to the thus-produced pulse signals, the outpuUrom 
the set/reset flip flop 507 turns on/off a transistor 508 so as to control an electric current to be supplied to the LEu of a 
photointerrupter 509 In this embodiment, when the off-timing period is lengthened, the electric current to be supplied 
to the LED ot the photoinlerrupter 509 is enlarged. A signal photoelectrically converted in the light receiving portion of 
the photointerrupter 509 is supplied to a low-pass filter 502 consisting of a resistor 510 and a capacitor 51 1 so as to be 
formed into a smoothed signal which is again supplied to the A/D converter 512. 



Fifth Embodiment 



A fifth embodiment of the present invention will now be described. As described in the foregoing embodiments, the 
photointerrupter S does not irradiate a point with light but, with light, irradiates a portion having a certain area. Since 
gradual depletion of ink in the foregoing region is detected, the output from the photointerrupter 6 is continuously 
chanaed 

Fig 26A schematically illustrates the foregoing state such that the output (the axis of ordinate) from the photointer- 
rupter 6 is shown when recording is performed from an initial stage to a moment at which ink in the ink tank 7 is depleted 
(the axis of abscissa). After X sheets have been recorded, ink in the region irradiated with light emitted from the pho- 
tointerrupter 6 is reduced so that the output from the photointerrupter 6 is enlarged. 

Therefore, change in the output from the photointerrupter 6 after X sheets have been recorded is detected, whereby 
enabling the residual quantity to be detected. 

Fig 40 shows actual output characteristics with respect to the ink tank according to the first to fourth embodiments, 
in which results of measurements of outputs at each 5 X 106 pulses when a predetermined image has been recorded 
by using four different ink tanks are plotted. The outputs indicated by the axis of ordinate are values obtained by sub- 
tracting outputs (activation voltage) from the photointerrupter when the LED is turned on from the outputs (dark voltage) 
from the photointerrupter when the LED Is turned off. 

As can be understood from Fig. 40, since the output values from the ink tanks are different from one another, the 
residual quantity of ink cannot easily be detected in such a manner that the threshold for the output value is determined^ 
However, measurement ot the quantity of change in the output from each ink tank enables the residual quantrty of ink 
to be detected further accurately. 

Since the method of detecting the residual quantity according to the first embodiment uses change in the reflectance 
of light occurring due to whether or not ink exists in the absorber, the residual quantity of ink can accurately be detected 
even if the ink tank is an ink tank of a type including an ink absorber, 

This embodiment is an improvement in the foregoing method of detecting the residual quantity with which a method 
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and an apparatus for detecting the residua) quantity of ink is provided which is capable of preventing a malfunction and 
deterioration in the detection accuracy due to scattering in the outputs from a means (a sensor) for detecting a light 
reflectance, scattering occurring due to the mounting accuracy or the scattering in manufacturing the ink tanks and which 
is able to accurately detect a desired residual quantity of ink. 

Fig. 27 is a schematic view showing a recording portion of a color ink jet printer to which the preseni invention can 
be adapted. 

Reference numeral 101 represents a recording head having a plurality of nozzle lines that discharge ink droplets 
to form dots on a recording medium 110, the recdrding head 101 being made detachable with respect to a carriage 103 
by a recording head fixing leverto bedescribed later. As described later, the recording headaccordingto this embodiment 
has a structure formed by integrating recording heads for four colors, that is, yellow (Y). magenta (M), cyan (C) and 
black (K or Bk), so that different color ink drops are mixed and a color image is formed on the recording medium 110. 

The carriage 103 is moved on a guide shaft 105 in directions indicated by arrows a and b by a carriage drive motor 
113 through a motor pulley 112, a follower pulley 111 and a timing belt 107. 

A recording medium 110 is moved by two sets of conveyance rollers 106, 107, 108 and 109. Note that the reverse 
side cf the recording paper 110 is supported by a platen (not shown) to form a flat recording surface at a position at 
which the recording paper 1 1 0 faces the nozzle of the recording head. 

Image data is supplied from an electric circuit of the printer body to the recording head 101 through a flexible cable 
(not shown). 

A recovery-system unit 1 20 is disposed at the home position for the recording head 101 . The recovery-system unit 
120 comprises four caps 121 disposed to correspond to the color nozzle lines of the recording head 101 and a pump 
unit (not shown) connected to each cap through a tube and the like. The caps 121 are able to move vertically when the 
carriage 103 approaches. When the carriage 103 is at the home position, the caps 121 are brought into contact with 
the corresponding color nozzle lines of the recording head 101 to cap the nozzle lines. As a result of capping above 
thickening or solidification occurring due to evaporation of ink in the nozzle can be prevented so that defect in discharge 
is prevented. 

When the recording head is changed or if the defect in discharge from the recording head takes place, the pump 
unit is operated in the foregoing capping state to generate negative pressure, whereby sucking ink from the nozzle to 
introduce new ink. 

The recovery-system unit 120 is provided with a wiper blade 122 disposed between the caps 121 and the record- 
ing-paper conveyance portion to wipe and clean the leading end of the recording head 101 . 

Between the caps 121 and the wiper blade 122, there is disposed a pholointerrupter 123 to irradiate, with light the 
bottom surface of an absorber of an ink tank 102 connected to a recording head to be described later so as to detect 
depletion of ink in the ink tank 102. By scanning the carriage 103, the light reflectance of the color ink tanks can be 
measured. 

Fig. 28 shows the recording head 101 on the carriage 103. 

The carriage 103 includes four recording heads for discharging black, cyan, magenta and yellow inks and ink tanks 
1 02K, 1 02C, 1 02M and 102Y. Each of the four recording heads has 54 nozzles each of which discharges an ink droplet 
of about 40 ng per one discharge operation. The four ink tanks respectively are made detachable with respect to the 
carriage 1 03 so as to be changed for new ink tanks when ink has been depleted. 

A recording-haad fixing lever 104 is provided to locale and secure the recording head 101 onto the carriage 103 in 
such a mannerthat a boss 103b of the carriage 103 and a hole 104a of the recording-head fixing lever 104 are rotativefy 
engaged to one another. Thus, the recording head 101 can be changed by opening/closing the recording-head fixing 
lever 104. 3 

Fig. 29 is a diagram showing the ink tank 102. The ink tank 102 is, by a partition wall 121, divided into a portion in 
which ink is absorbed in an absorber 122 and a portion 123 (a raw ink portion) in which ink is not absorbed in the 
absorber. The inktank 102 has a supply port 124 for supplying ink to the recording head 101 and an air communication 
port 125. By usrng the ink tank according to this embodiment, about 160 pages of A4 sheets each having an image of 
1 0% duty formed thereon can be recorded. 

Fig. 30 is a block diagram showing the electrical control structure of the foregoing ink jet printer. 

Reference numeral 301 represents a system controller for totally controlling the ink jet printer, the system controller 
301 including a microprocessor, a storage device (a ROM) storing a control program, a storage device (a RAM) for use 
when the microprocessor performs a process, and the like. 

Reference numeral 302 represents a driver for driving the recording head in the main scanning direction, and 303 
represents a driver for moving a recording medium in the sub-scanning direction. 

Reference numerals 304 and 305 represent motors corresponding to the drivers 302 and 303 and receiving infor- 
mation, such as the speed, the distance of movement, and the like, from the drivers 302 and 303. 

Reference numeral 306 represents a host computer for transmitting information to be recorded to the recording 
apparatus according to the present invention. 
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inks, the driver 311 being controlled in response to a sign ,ai s pp 312Mand3l2Y , ortne corresponding colors. 

the r^SHa ,o obtain the output va.ue from the photolnterruptar 123. the detection portion 

31 3 be nTcontrolled by the system controller 301 to detect each color ink tank^ 

ana suction iur iuuj » _.„„„ th , t o * ins nulses correspond to one suction operation. 

counting is performed msucha manner that 3 x 10 putee. corre p predetermin ed number of pulses, 

,n step S302 whether or not the » °< P"*» *>« "« reach lhe P rede,er " 

which is 1 5 X 1 0S pulses set in this embodiment " d ^ ; determine d number of pulses, the 

mined number of pulses, counting is continued. If number of puis *^™ d ™ ^ 102 is measured in step S303. 

s:=r^e% h =r^ 

after this scanning has been completed and before .the next ^^^ tartapa ^ l . prhttdaflBrth8 „ um bar 

ot PU r * ™° J — is performad 

after the number o, pulses has reached the j^^^^^^U value are objected to a comparison 

largerthan the previous output value by «, he ^^^^i previ L output value by a or 

and ebbing o, the ^^J^^^^^^S^ I indicated. 

S30S and imaoes the duty of each of which was 1 0%, were consecutively recorded 

^XTTl^l^^^ rJ** in that the aiarm lamp was turned on at about ,,0 

,0 1 lamp, which has been turned on, can be turned off by depressing an afcrm-lamp suspension switch (no, 
shown) provided for, for example the printer. comD arison with the previous output value is performed to 

As .^^r n « ^ than - p«— va,ue has 

discriminate whether or not change trom tne previou £ ' ■ mounting or scatters in manu- 



Sixth Embodiment 



A sixth ,n*odh»n, d •» P~.nl - ~»t. *^« d „, ,„„„, „„,„,, p, 
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ink has been indicated by the display or the alarm sound without providing a canceling means for the ink jet recording 
apparatus. 

In this embodiment, a method of discriminating the detected quantity of residual ink, which is different from that 
according to the fifth embodiment, is employed and a structure is employed in which, if a new ink tank is mounted alter 
the alarm lamp indicating depletion of ink has been turned on, the alarm lamp is automatically turned off. 

Fig. 32 is a flow chart showing the operation to be performed in the method of detecting the residual quantity of ink 
according to this embodiment 

The process according to this embodiment is different from the fifth embodiment in the process in step S3" 2 and 
those from step S314. 

In step S31 1 the same process as that in step S301 according to the fifth embodiment shown in Fig. 31 is performed. 
In step S312 the same process as that in step S302 according to the fifth embodiment is performed except the prede- 
termined quantity ol consumption being 5 x 10 s , The process in step S313 is the same as that in step S303 according 
to the fifth embodiment. 

In step S314 the quantity of change in the three previous outputs from the present output value is calculated. To 
obtain the quantity of the change in the three previous outputs, the present output value and the three orevious output 
values, which have been stored, are required. 

In step S31 5 a discrimination is performed whether or note the quantity of the change in the three outputs obtained 
in step S314 is larger than p. If the quantity is not larger than p, the operation returns to step S311. If the quantity is 
larger than p, display is performed in step S31 6 similarly to the fifth embodiment 

This embodiment is different from the fifth embodiment in that the predetermined quantity of consumption to be set 
in step S31 2 is made to be smaller than that set in the fifth embodiment; and the total quantity of change in the previous 
outputs is subjected to a comparison with a predetermined value. That is, this embodiment attains an effect of preventing 
an error in detecting the residual quantity because the output values are obtained at short intervals. However, if the 
predetermined number of pulses is set to be excessively small, the output values are obtained too many times whereby 
deteriorating the throughput. 

Then, a case where a user of the printer has changed the ink tank for a new one after the alarm lamp has been 
turned on due to depletion of the ink tank will now be described. 

If the ink tank is changed, a recovery operation is usually performed to prevent the following problem. 

That is, if an ink tank containing ink in a small quantity is continuously used, ink supply to the nozzle of the recording 
head is inhibited due to depletion of ink, whereby stopping ink discharge. Even if a new ink tank is mounted, ink cannot 
be supplied to the nozzle in a case where the recovery operation is not performed. Thus, ink cannot be discharged 
continuously. 

If an ink tank containing ink in a small quantity is changed to a new ink tank before ink discharge is stopped, ink is 
left in the nozzle However, air can be introduced through the supply port of the recording head when the ink tank is 
changed, whereby allowing the recording operation to be performed for a certain period after the ink tank has been 
changed and inhibiting supply ol ink from the ink tank to the recording head due to introduced air. As a result, ink cannot 
sometimes be discharged. 

To prevent the foregoing problem, a recovery operation is usually performed when the ink tank is changed. In this 
embodiment, an attention is paid to the recovery operation, which is performed when the ink tank is changed to employ 
a structure in which the alarm lamp is automatically turned off when the ink tank is changed to a new ink tank. 

Fig. 33 is a flow chart showing the operation of the structure for turning the alarm lamp off. 

In step S321 output value PI is measured prior to performing the recovery operation. In step S322 the recovery 
operation is performed. The recovery operation 10 be performed here includes sucking for introducing ink from the ink 
tank to the nozzle portion of the recording head, wiping using a blade or the like to be performed after the sucking 
operation has been performed and idle discharge 1o be performed after the wiping operation has been performed. 

After the recovery operation has been performed, output value P2 is measured in step S323. 

In step S324 whether or not the difference (P2 - P1 } between output values measured in step S321 and S323 is 
smaller than a predetermined value p is discriminated. 11 the difference is smaller than p, the operation proceeds to step 
S325. If the difference is not smaller than p, the recovery operation is ended and the operation returns to the start position 
so that the detection of the ink consumption is continued. 

Instep S325 all output values obtained prior to performing the recovery operation are reset and cleared. The reason 
for this will be described later. 

In step S326 whether or nol the alarm lamp has been turned on before the recovery operation is performed is 
discriminated. If the alarm lamp has been turned on as described above, display is turned off in step S327 so that the 
recovery operation is ended. If the alarm lamp has not been turned on, the recovery operation is completed as it is, and 
the operation returns to the start 

The reason why the output value is reset in step S325 will now be described. 

If change to a new ink tank is performed in a state where the alarm lamp is being turned on and the recovery 
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opemtlon is performed, the output voriage obtained prior to performing the recovery operation is no. required because 
3 iik'ankt loaded in a state where the afcrm lamp is no. turned on and the recovery operation is performed 

mTink .Ink B is larqeMhan that of the ink tank A. Therefore, the output value is enlarged considerabfy as compared 

laf9 !f Sire is employed in which the output v^ue priorto performing me recovery operation is reset, the foregoing 

Pr0b i e T,r u a cl e ^'employed in which, in a case where a usual recovery operation is performed in a case except 
the chalTJfnk tank a domination is performed that ink exists in a sufficiently large quantity rf the outpt rt « ; no. 
changed by IT^L degree before and a.ter the recovery operate is performed, and the output va.ue obtatned 

.^^t^^^S the previous output values are reset Thus the .residua, quantity o, ,nk can be 
be.ec.ed without malfunction and as well as the alarm .amp can automat.calry be turned oft 

was described, the foregoing embodiments may be combined adequately. 



Raynnth Embodiment 



„», » m hnriim fi nt of the present invention will now be described. This embodiment is an improvement in the 

Tn°rS jet prinleTshown in Fig. 35 is similar to that according to me fifth embodiment. The ink je, printer according 
,o thfs embSimem is different from that according to the firs, embodiment in that an paper-d.s.ance postion lever 130 

isp ^Sc!^ 

^ i^^^^^^ position which is used when an image is 

in Fig 3SB. Thus, the carriage 103 is moved upwards ,n such a manner that the gude shaft 105 ,s used as a supp 
point so that .he distance from the recording member is lengthened. The carnage poster, shown ,n Fig 36B .* cal ed 
ITLl Toaoer position which is used when an image is formed on paper thicker than usual paper or on a thick iP*™"^- 
F 37 show a flow char, of the operation of this embodiment, in which steps S331 to S333 are the same as step 
S30t ' o ^303 according to the fifth embodiment. Thus, the process in step S334 and ensuing processes are deferent 

''° m STsS^C the posKion of the carriage 1 03 is a. the norma! position or the 'nick-paper position is *e£ 
inated Tthe triage 103 is a' the norma, position, the operation proceeds to steps S336 to S339 ,n wh,ch processes 
similar to those in steps S304 to S306 according to the fifth embodiment are Performed. 

H th B carriaae 1 03 is at the thick-paper position, the operation proceeds to step S335 so that a value ODiaineo uy 

mu,,!p~ 

,OS, SinceSru5l 9 a,ueat.he thick-papery 

positon by t 5 to use It as the output value at the normal position, the residual quantity of ink can be detected stnmlarly 
to the fifth embodiment regardless of the paper-distance position. 
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shown) provided lor the ink jet printer or by setting performed from the printer driver. If switching of the paper-distance 
position lever 1 30 by a user of the printer is mechanically or optically detected, the input by means of the paper-distance 
position input switch or that by means of the printer driver can be omitted. 

Since the carriage 103 is vertically moved by the paper-distance position lever 130, measurement of the light re- 
flectance at a predetermined position on the reverse surface of the carriage 103 by the pholointerrupter 123 enables 
the paper-distance position to be automatically detected. 

Eighth Embodiment 



An eighth embodiment will now be described which is an improvement in the third and seventh embodiments and 
which has a structure that the output value is not uniformly corrected in accordance with the carriage position but the 
output value is corrected for each ink tank which is being used. As a result, the residual quantity can be detected accu- 
rately even if the ink tank scatters due to manufacturing. 

Fig. 33 is a flow chart for calculating a correction coefficient for the paper-distance position. In step S341 whether 
the carriage is at the normal position or the thick-paper position is recognized. The recognition may be performed by a 
method similar to that according to the seventh and eighth embodiments. 

In step S342 output value Rl is measured after the recognized carriage position has been recorded. 

In step S343 whether or not the carriage position is changed to record the next page is discriminated. II the position 
is not changed, the output value is not required to be changed and therefore the recording operation is continued. Then, 
the operation returns to step S342 so that output value R1 is measured aflerthe recording operation has been completed 
Al this time, R1 is updated. 

If a discrimination is performed in step S343 that the carriage position has been changed, output value R2 is meas- 
ured in step S344 before the recording operation is performed, and the operation proceeds to step S34S. 

In step S345 correction coefficient = output value at normal position/output value at thick-paper position is calculated. 

The calculated correction coefficient is used in place of uniform correction coefficient 1 .5 in step S33S shown in Fio 
37. M ' 

Since the foregoing method enables the correction coefficient to be calculated for each of the ink tanks which are 
being used, the residual quantity of ink can be detected with a further improved accuracy. 

Ninth Embodiment 



A ninth embodiment of the present invention will now be described. 

This embodiment has a structure for further reliably turning the alarm lamp off as compared with the sixth embod- 
iment 

Although the sixth embodiment has the structure that if the ink tank is changed to a new ink tank, then the quantity 
of change in the output values before and after the recovery operation is detected, and the alarm lamp is turned off in 
accordance with the result of the detection, this embodiment has a structure such that, even if the recovery operation 
is not performed though the ink tank has been changed 1o a new ink tank, the alarm lamp is automatically turned off 

Fig. 39 illustrates the operation to be performed after the alarm lamp has been turned on due to depletion of ink. 
Since the operation to be performed before the alarm lamp is turn on is the same as that according to the sixth embod- 
iment, the operation is omitted from the description here. 

In step S351 the Quantity of consumption of each color ink is counted after the alarm lamp has been turned on. ' 

In step S352 it the quantity of consumption reaches a predetermined quantity, the operation proceeds to step S3S3 
so that the output value is measured. 

In step S354 whether or not the enlargement of the output value obtained in step S353 is larger than y or less two 
times consecutively is discriminated. If the enlargement is y or less, the operation proceeds to step S3S6 so that the 
alarm lamp is turned off. 

In a case where the recovery operation is not performed though change to a new ink tank is performed, if the output 
value is not enlarged, a discrimination is performed that ink exists in a sufficient quantity in the absorber in the ink tank 
and therefore the ink tank has been changed. The reason why the output values are consecutivefy observed two times 
is that only one output value will raises a possibility of an error in detection. Although three or more output values may 
be observed, an excessively long time is required to turn the alarm lamp off in this case. 

If the output values were not enlarged by y two times consecutively in step S354, the operation proceeds to step 
S355 so that whether or not the present output value is largerthan the previous output value by 6 or more is discriminated. 
If the enlargement is larger than 5, the operation proceeds to step S356 so that the alarm lamp is turned off. 

In this embodiment, H the output is enlarged or reduced by a degree larger than a predetermined value, a discrim- 
ination is performed that change to another ink tank has been performed. 

In this embodiment, y was set to 0.07, 5 was set to 0. 1 5, the ink tank was changed immediately after the alarm lamp 
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had been turned on and the recording operation was continued without performing the recovery operation. As a resutt, 
the alarm lamp was turned ofi after lapse of a certain lime. 

As described above in this embodiment, even i1 the recovery operation is not performed when the tank was 
changed, detection of no change in the output value or detection of rapid change in the output value enables the alarm 
lamp to be automatically turned off. 



Tenth Embodiment 



A tenth embodiment of the present invention will now be described. 

This embodiment is able to orevent scattering in the quantity of reflected light during a plurality of detection operations 
occurring due to scattering in the stop position for the carriage. That is, unsatisfactory reproducth/ity of the detected 
quantity ol reflected light regardless of the residual quantity of ink is intended to be overcome. Although the output value 
was obtained in one measuring operation in the foregoing fifth embodiment, this embodiment has a structure (1) the 
average value of the previous data and present data is employed as the present output value or (2) the average value 
of values consecutively obtained m times is employed as the n-th output value. 

in the case where the average value of the previous data and present data is employed as :he present output value, 
the obtained value at the first time is employed as the first output value, the average value ol the first output value and 
the second obtained value is employed as the second output value, the average value of the first and second output 
values and the third obtained value is employed as the third output value, and the average value of the n-2 and n-1 
output values and the n-th obtained value is employed as the n-th output value. 

In the case where the average value of values consecutively obtained m limes is employed as the n-th output value, 
the average value of three values obtained for each color by scanning the carriage three times is employed as the output 
value Although the throughput deteriorates in the foregoing case, change in the residual quantity of ink is detected in 
accordance with the change in the obtained values so that accurate detection is performed. 

Although the fifth to tenth embodiments have been described about the case where substantially the same output 
values are obtained Irom ink tanks for the respective colors in the ink jet recording apparatus having ink tanks lor the 
respective colors the output value for each color sometimes is different depending upon the malerial of the wall of the 
ink tank, that of the ink absorber, and the characteristic of ink. In the foregoing case, the reference value for detecting 
the residual quantity of ink is required to be different for each color. 

For example a p 7 and « according to the first to sixth embodiments are required to be determined for each color. 
In the foregoing case, all of the four values may be different lor each color. As an alternative to this, since p and y are 
usually have small set values and therefore they are not required to be different for each color, only a and 8 are made 
to be different for each color. 

Although the preferred embodiments of the present invention have been described above, the present invention is 

not limited to the embodiments. 



Eleventh Embodiment 



An eleventh embodiment ol the present invention will now be described. 

According *o this embodiment, there is provided an ink jet recording apparatus having a function of accurately 
detecting the residual quantity of ink in ink tanks each including a negative pressure generating member, such as a 
foaming material and a function of detecting the distance from a recording means and the recording paper. 

The structure of the ink jet recording apparatus and its unit for detecting the residual quantity of ink according to 
this embodiment is the same as that according to the first embodiment and the filth embodiment and the like. 

This embodiment has a structure formed on the basis of each of the foregoing embodiments and has a characteristic 
that the photointerrupter S is used as a sensor tor detecting the distance from the recording head to the paper. 

In this embodiment, a reflection portion 1 a for reflecting light supplied from the photointerrupter 6 is provided for the 
bottom portion of the carriage 1 shown in Fig. 1. The paper-position switch lever 5 shown in Fig. 1 is at the thin paper 
position A case where thick paper is used as a recording medium will now be described briefly. 

When the paper-position switch lever 5 provided for the carriage 1 is rotated in a direction indicated by an arrow X 
shown in Fig 1 relative to the shaft 5a, a bottom portion 5b ol the paper-position switch lever 5 is slid on an upper surface 
4a of the carriage support plate 4. The carriage support plate 4 is pushed downwards in a direction indicated by an 
arrow B shown in Fig 1 due lothe difference in the distance from the shaft Sato the bottom portion Sb of the paper-position 
switch lever 5 As a result, the carriage 1 including the paper-position switch lever 5 is pushed upwards relatively to the 
support shalt 3 As a result of upward pushing, the distance from a recording head {not shown) mounted on the carnage 
1 to paper serving as the recording medium is lengthened as compared with the distance in the case of the thin paper 
position. The thick-paper position is a position selected when an image is formed on paper thicker than usual paper or 
a thick special film. 
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The output from the photointerrupter 6 is made to be different between the thick-paper position and the thin-paper 
position. Fig. 17 is a characteristic graph showing the relationship between the output voltage from the photointerrupter 
and the distance from the photointerrupter to the subject article. As can be understood from Fig. 1 7, the characteristic 
between the output and the distance is such that the output voltage is high when the position is the thin-paper position, 
whereas the output voltage is low when the positron is the thick-paper position. 

However, the photoifflerrupter having the foregoing characteristic between the output and the distance scatters 
undesirably as described with reference to Fig. l S. In a case where photointerrupters A and B are prepared, if a threshold 
for discriminating whether the paper is thick or thin is obtained to be adaptable to the characteristic (indicated by a 
continuous line) of A, output X is made. Since the output voltage at the thin-paper position is lower than X in the case 
of the characteristic of B (indicated by a dashed line), a discrimination is performed that the paper is thick paper. Fur- 
thermore, the threshold for B must be Y. Therefore, the threshold must be set to be adaptable to the characteristic of 
the photointerrupter. 

Accordingly, in this embodiment, the photointerrupter 6 is disposed to be opposite to the reflection portion 1 a of the 
carriage 1 when the carriage 1 is stopped at the capping position. Reflected light is detected at the foregoing capping 
position to perform calibration of the sensitivity. As a result, the outputs from the photointerrupler 6 can be made to be 
constant. 

The sequence for the distance characteristic calibration and that for sensitivity calibration for the photointerrupter 
according to this embodiment will now be described with reference to Fig. 1 9. 

In step S201 the carriage 1 is stopped at the capping position, and the paper-position switch lever 5 shown in Fig. 
1 is set to the thin-paper position. Then, the distance characteristic calibration is performed. 

Similarly to step S201, the sensitivity calibration of the photointerrupter 6 is performed at the cappinq position in 
stepS202. 

In step S203 capping is suspended, and activation voltage Von is measured in step S204to calculate output voltage 
Vd at the thin-paper position by using the difference from Voff, 

If output voltage Vd at the thin-paper position satisfies Vd1 < Vd < Vd2 in step S205, the operation proceeds to step 
S20S so that the paper-position switch lever 5 is set to the thick-paper position and depression of the switch is waited 
for. If the foregoing inequality is not satisfied in step S205, the output voltage is out of the sensitivity adjustable range 
and the operation returns to step S201. The foregoing discrimination that the output voltage is out of the sensitivity 
adjustable range is performed due to an error in the reflectance of the carriage, the inclination and the like. In this 
embodiment, Vd1 was set to be 1.7 V and Vd2 was set to be 3.2 V. 

If the switch is depressed in step S206, the operation proceeds to slep S207 so that the activation voltage Von is 
measured to calculate output voltage Vu at the thick-paper position by using the difference from Voff. 

If the output voltage Vu at the thick-paper position satisfies Vul < Vu < Vu2 in step S203, the operation proceeds 
to step S209 so that the linearity is discriminated. If the foregoing inequality is not salisfied in step S208, a discrimination 
is performed that the output voltage is out of the sensitivity adjustable range, the operation returns to step S201 If the 
linearity (VU - Veal) does not satisfy (Vd - Veal) A < (Vu - Veal) < (Vd - Veal) B, a discrimination is performed that a 
linearity error has taken place, and the operation returns to step S201 . In this embodiment, A was set to 0 25 and B was 
set to 0.55. 

If the linearity (Vu - Veal) satisfies the foregoing inequality, the operation proceeds to step S210 so that the pa- 
per-distance threshold Vth1 is obtained from Vth1= (Vd + Vu)/2 and the result is stored. Note that Vth 1 was 2.2 V in this 
embodiment. 

After the foregoing sequence has been completed, the operation returns to step S201 . 

As described above, in this embodiment, the photointerrupter 6 for detecting the residual quantity of ink is as well 
as used as the sensor for detecting the distance from the head and the paper. Therefore, the cost and the space can 
be reduced. 



Twelfth Embodiment 



As described above, the structure for detecting the residual quantity of ink according to each of the foregoing em- 
bodiments sometimes encounters a difficulty in accurate detection due to irregular density in the absorber 7a. A structure 
for overcoming the problem due to irregular density of the absorber 7a according to this embodiment will now be de- 
scribed with reference to Fig. 41. 

Referring to Fig. 41 , the same elements as those shown in Fig. 6 are given the same reference numerals. Reference 
numeral 6' represents a photointerrupter serving as a second ink sensor and having the same structure as that of the 
photointerrupter 6. In this embodiment, the photointerrupter 6 is also called a first photointerrupter to simplify the de- 
scription. 

Although the first embodiment has the structure such that the residual quantity of ink is discriminated in accordance 
with the output from the photointerrupter 6, this embodiment has a structure such that the average value of the output 
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from the first photointerrupter 6 and that Irom the second photointerrupter 6' is used to detect the depletion of ink. The 
ZZ a e m Ty be a sLpta average or a weighted average. In this embodiment, since the second Photomterrupter 
6' fs toated neaMhe supply port 24 as compared with the first photointerrupter 6. the output is changed when the 

anm with the residual number of sheets intended to be detected, 

71 he s nsori for detecting the residua, quantrty of ink are provided a, a plurality of positions and the average 
value oTthe measured values obtained from the plural detection points is used, the residual quanmy can be detected 
accurately even if the density of the absorber 7a is irregular because its influence can be elim.nated. 

iSKefhod may be employed which is capable of preventing scattering in the detected values due to the 
influence of i^rity of the density of the absorber 7a and which has a structure such that the photoimerrupter 6 
hoC in Fig is made to be movable to detect the residua, quantity of in* a, a plurality of po.nts of the ,nk tan 7^ 
Ts an alternative to the structure in which the photoinlerrupte, 6 is made to be movable, a plurahty of pants may 
be measure! Se moving the carriage 1 in such a manner that the photointerrupter 6 is fixed. In the foregoing case, 
meTn "ank 7 tus. have a certain thickness in the moving directs to attain the effect intended to be obtained by 

' ,n Tiis %^*£S2£^ « and the carriage i arc moved relative, to detect the residual quantity =, 
ink i, a p ura^ dale tion points. Since the average value of the measured values at a plurality of detection points ,s 
^tyed the Residual quantity can be detected accurately even if the density of the absorber ,s .regular because *s 
influence can be eliminated. 

Thirteenth Embodiment 

In each of the foregoin 8 embodiments, the alarm is issued or the recording operation is interrupted if the depletion 
of ink has been delected in accordance with the output from the pholointerrupter 6. 

In W. embodiment, the alarm issue or the interruption of the recording operation is not performed^ the case where 
,he Xu rom the sensor exceeds a threshold. As an alternate to this, display -responding to he o*PJ* 
pho^erruptere, that is, display in proportion to the outputlrom .he photointerrupter 6 or d.splay wh.ch » monotonously 

^^can bfunTrstood from Fig. 6, when .he residual quantity of ink in the ink tank 7 has been reduced, the output 
(rom me photointerrupter 6 is continuously changed. By displaying the residual quantity correspond^ to the change in 
STcS.it displaysubstantially corresponding to the recordable number of sheets can be performed confnuously. Thus, 
furthnr detailed information about the residual quantity ot ink can be given to a user, 

Fig 42 Ihows^rTexample of disp.ay o, the residual quantity o, ink in the ink tank 7 on a display panel The d,sp ay 
on the display panel may be performed such that the level of a digital meter is changed to correspond to the number o 
"cordaote sheets as shown in Fig. 42 or the number of recordable sheets is displayed with figure, The display panel 
may be made of liquid crystal or a usual display unit. 

As an alternative to the visual display means, voice guide of the number of recordable she* s, *e length of the 
number of times of buzzer sounds corresponding to the number of recordable sheets may be employed. 

As a result of the foregoing structure, detailed information about the residual quantity of mk corresponds to the 
outp^f^m the photointerrupter 6 can be given to a use, According to .his embodiment, a user ,s able to recogmze 
%^Z!££tZ« the residua, quantity of ink when the ink In the ink tank 7 has been depleted. Thus, the user 
is able to perform maintenance, such as change of the ink tank, at a proper Hmmg. 

Fourteenth Embodiment 

In the first structure, the ink tank 7 comprises the absorber 7a and the raw ink accommodating portion 7c Jhe 
presentation is no, limited to the foregoing structure. The present invention may be adapted to a structure shown 

^ F Rearing to Fig. 43. reference numeral 24 represents a supply port, 28 represents an air communion port, and 

6 represents a photointerrupter. similarly to Fig. 2. The photointerrupter 6 is so disposed as to be capable of detectmg 
change in the reflectance at the bottom surface of the absorber 7a, similarly to the firs. ^bod'men 

In the ink tank shown in Fig. 43. ink depletes in portions apart from the supply port 24 in the ms,de of the ink tank 

7 as ink is consumed Therefore, the photointerrupter 6 is caused to detect reflected light from the bottom pcrt.on of the 
ink tank 7 to detect the residual quantity in accordance with the change in 1he reflectance. 

Fifteenth Embodiment 

According to the present invention, no reflected light is obtained Irom the photointerrupter 6 if the ink tank 7 is not 
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mounted. Therefore, a considerably low output level is realized as compared with the output level if ink exists in a 
sufficiently large quantity 

In this embodiment, the structure (or detecting the residua! quantity of ink according to the first embodiment is 
employed to detect whether or not the ink tank 7 exists by means of the photointerrupter 6. 

By using the phototntarrupter 6, the difference between the detected level in the case where the ink tank 7 is mounted 
and the detected level in the case where the ink tank 7 is not mounted is used to detect whether or not the ink tank 7 exists. 

According to this embodiment, existence of the cofor ink tanks for a color printer can be detected respectively. Thus, 
if the ink tank is not mounted, the recording operation is inhibited.. 

According to the foregoing structure, any special structure for detecting existence of ink tank is not required to detect 
the existence of the ink tank. Thus, the residual quantity of ink in the ink tank and whether or noi ink tank exists can be 
detected without cost enlargement and with a simple structure. 

Other Embodiments 

Among the ink jet recording methods, a recording apparatus of a type having a recording head having an arrange- 
ment that heat energy is utilized to form a flying fluid droplet so as to perform the recording operation causes an excellent 
effect to be obtained. 

As for the typical structure and the principle, it is preferable that the basic structure disclosed in, for example, U.S.Pat- 
ent No. 4,723. 1 29 or 4.740,796 is employed. The aforesaid method can be adapted to both a so-called on-demand type 
apparatus and a continuous type apparatus. In particular, a satisfactory effect can be obtained when the on-demand 
type apparatus is employed because of the structure arranged in such a manner that one or more drive signals, which 
rapidly raise the temperature of an electricity-to-heat converter disposed to face a sheet or a fluid passage which holds 
the fluid (ink) to a level higher than levels at which nucleate boiling takes place are applied to the electricity-to-heat 
converter so as to generate heat energy in the electricity-to-heat converter and to cause at the heat effecting surface of 
the recording head film boiling to take place so that bubbles can be formed in the fluid (ink) to correspond to the one or 
more drive signals. The enlargement/contraction of the bubble will cause the fluid (ink) to be discharged through a 
discharging opening so that one or more droplets are formed. If a pulse shaped drive signal is empbyed, the bubble 
can be enlarged/contracted immediately and property, causing a further preferred effect to be obtained because the fluid 
(ink) can be discharged with excellent responsiveness. It is preferable that a pulse drive signal disclosed in U.S.Patent 
No. 4,463,359 or 4,345,252 is employed. If conditions disclosed in U.S.Patent No. 4,313,124, which relates to the tem- 
perature rising ratio at the heat effecting surface, are employed, a satisfactory recording result can be obtained. 

As an alternative to the structure (linear fluid passage orperpendicularfluid passage) of the recording head disclosed 
in each of the aforesaid inventions and having an arrangement that discharge ports, fluid passages and electricity-to-heat 
converters are combined, a structure having an arrangement that the heal effecting surface is disposed in a bent region 
as disclosed in U.S.Patent No. 4,558,333 or 4,459,500 may be employed. In addition, the following structures may be 
employed: a structure having an arrangement that a common slit is formed to serve as a discharge section of a plurality 
of electricity-to-heat converters as disclosed in Japanese Patent Laid-Open No. 59-1 23670; and a structure in which an 
opening for absorbing pressure waves of heat energy is disposed 10 correspond to the discharge section. 

As a full-line type recording head having a length capable of covering the width of the largest recording medium 
which can be recorded by the recording apparatus, a structure enabled to have the length by combining a plurality of 
recording heads or a structure having a sole integrated recording head as disclosed in any of the aforesaid specifications 
may be employed. 

A chip type recording head which can be electrically connected to the body of the apparatus or to which ink can be 
supplied from the body of the apparatus when it is fastened to the body of the apparatus may be employed. Furthermore, 
a cartridge recording head having an ink tank integrally formed with the recording head may be employed. 

It is preferred to additionally employ the recording head restoring means and an auxiliary means provided as the 
component of the present invention because the effect of the present invention can be further stabilized. 

Specifically, it is preferable to employ any combination of a recording head capping means, a cleaning means, a 
pressurizing or suction means, an electricity-to-heat converter, an auxiliarfy heating element or a sub-heating means 
constituted by combining the converter and the auxiliary heating element and a sub-discharge means with which a 
discharge is performed independently Irom the recording discharge. 

As for the types and the number of the recording heads to be mounted, twoor more recording heads maybe provided 
to correspond to a plurality of different color inks or to inks having different concentrations. The recording apparatus 
may be arranged to be capable of recording a color-combined image composed of different colors or a full color image 
obtained by mixing colors to each other by integrally forming the recording head or by combining a plurality of recording 
heads as well as recording only a main color such as black. 

The ink jet head recording apparatus according to the prevent invention may be in the form of a copying apparatus 
combined with a reader or the like, or a facsimile apparatus having a transmission/receiving function as well as the 
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includes an absorber. 

Unim «» ™ b . imod in A. M> « con«r»Jtai eonbMfcn and 



claimed. 
Claims 



medium, said ink jet recording apparatus comprising: 
ngWemittingmea^orer^ 

quantity of light received by said light receiving means. 
2 An ink jet recording apparatus according to claim 1 , wherein 

pressure generating member. 

3. An ink jet recording apparatus according to claim 1 , wherein 

wavelength ot light emitted by said light emitting means is the wavelength which penetrates ink in said ink tank. 

4. An ink jet recording apparatus according to claim 1 , wherein 

said wail surface oi said ink tank to w*ich light emitted by said light emitting means is a bottom portion ol said 



ink tank. 
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5. An ink jet recording apparatus according to claim 1 , wherein 

said discrimination means discriminates that the residual quantity of ink in said ink tank is smaller than a pre- 
determined quantity when the quantity of light received by said light receiving means is targer than a predeter- 
mined threshold. 

6. An ink jet recording apparatus according to claim 1, wherein 

said discrimination means discriminates the residual quantity state of ink in said ink tank in accordance with 
change in the quantity of light received by said light receiving means. 

7. An ink jet recording apparatus according to claim 1 further comprising: 

reflectance calculating means for calculating the reflectance in accordance with light emitted by said light omit- 
' ting means and light received by said light receiving means, 
wherein said discrimination means discriminates the residual quantity state of ink in said ink tank in accordance 
with said reflectance. 

S. An ink jet recording apparatus according to claim 1 further comprising display means for displaying the residual 
quantity state of ink in accordance with discrimination performed by said discrimination means. 

9. An ink jet recording apparatus according to claim 1 further comprising: 

recording control means for interrupting a recording operation performed by said recording head when said 
discrimination means has discriminated that the residual quantity state ol ink in said ink tank has been reduced 
to a level lower than a predetermined residual quantity. 

10. An ink jet recording apparatus according to claim 1 further comprising: 

a carriage on which both recording head and said ink tank can be mounted; 
scanning means for scanning said carriage relatively to a recording medium; and 

control means for causing said scanning means to scan said carriage to a position, at which said light emitting 
means and said light receiving means face said wall surface of said ink tank, to discriminate the residual quantity 
state of ink in said ink tank. 

11. An ink jet recording apparatus according to claim 10, wherein 

a plurality of said recording heads are provided, a plurality of said ink tanks are provided to correspond to said 
plurality of said recording heads, and said control means causes said scanning means to make the wall surface 
. of each of said ink tanks to face said light emitting means and said light receiving means, and 
said discrimination means sequentially discriminates the residual quantity state of ink in said plurality of said 
ink tanks. 

12. An ink jet recording apparatus according to claim 1 , wherein 

said discrimination means causes said scanning means to relatively scan said carriage, said light emitting 
means and said light receiving means to perform discrimination at a plurality of positions of said wall surface 
in accordance with reflected light. 

1 3. An ink jet recording apparatus according to claim 1 further comprising: 

ink tank detection means lor detecting whether or not said ink tank exists in accordance with light received by 
said light receiving means. 

14. An ink jet recording apparatus according to claim 1, wherein 

said light emitting means and said light receiving means are formed integrally into a photointerrupter. 
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S the quantity of light which is emitted by said light emrtttng means. 
15. An ink jet recording apparatus according to claim 15. wherein 

said light fitting means emits ,igh, in response £ an ^^J^^S^ said light emitting 

17 An Inkjet recording apparatus according to claim 16. wherein 

1 8 A* ink jet recording apparatus according to claim 1 6 further comprising: 

light receiving portion; and supplied to said light emitting 

by said light receiving means is made to be constant. 

19 An ink jet recording apparatus according to claim 16 further comprising: 

storage means tor storing information formed on the bas, o, said dr.e signal mooted by said adiustmen, 
^salddiscriminationmeanssub^— £^~ZS^££££ 

20 An ink jet recording apparatus according to claim 1 further comprising: 

correctionmeanstorcorrectingas,^^ 
means. 

21. An ink jet recording apparatus according to claim 1. wherein 

said recording head applies thermal energy to ink to cause ink to change the state thereol due to heat so that 
discS 9 ged due ^pressure generated due to change in the state of ,nk. 

S^dt"^ 

means, said ink jet recording apparatus comprising: 

=rr s usr-ss rrrrrr ri, a . » - — . — - 

i constant. 

23 An ink jet recording apparatus according to ciaim 22 further comprising means for mak,g the distance from said 
carriage to said detection means to be constant 
5 24 An ink jet recording apparatus according to claim 23, wherein 
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from said carriage to said detection means to be constant at said capping position regardless of the distance 
from said recording medium to said recording means. 

25. An ink jet recording apparatus according to ciaim 22, wherein 

sensitivity of said detection means is corrected by making constant the output value induced by said light receiv- 
ing device lor receiving light reflected by said reflecting plate. 

26. An ink jet recording apparatus according to claim 22, wherein 

said ink tank includes a negative pressure generating member, and said detection means, through said opening 
portion of said carriage, detects change in reflectance of light in the vicinity of a boundary portion between a 
wall surface of said ink tank and an ink absorber. 

27. An ink jet recording apparatus according to claim 22, wherein said controf means comprises: 

a device for controlling an electric current to be supplied to a light emitting portion of said photointerrupter; 
a low-pass filter for blocking a high frequency region of a signal supplied from said light receiving portion of said 
photointerrupter; 

an A/D converter for converting an analog signal albwed to pass through said low-pass filter into a digital signal; 
a comparator for subjecting said digital signal and a predetermined set value to a comparison: and 
a passage for operating a device for controlling the electric currant to be supplied to said lighl emitting portion 
of said photointerrupter in accordance with an output from said comparator. 

28. An ink jet recording apparatus according to claim 22, wherein 

said recording means is an ink jet recording head which has a heat generating resistance device, which causes 
ink to take place Tim boiling, as energy generating means for discharging ink. 

29. An information processing system comprising an ink jet recording apparatus according to claim 22 as outpul means. 

30. A method of detecting residual quantity of ink in an ink tank of an ink jet recording apparatus, which has a recording 
head for discharging ink through a nozzle thereof and an ink accommodating portion for supplying ink to said recdrd- 
ing head, said ink accommodating portion having a supply port for supplying ink to said recording head and including 
a negative pressure generating member for generating negative pressure so as to discharge ink from said nozzle 
of said recording head to print an image on a recording medium, said method of detecting residual quantity of ink 
comprising: 

a light emitting step for emitting light from said light emitting means to a portion of a wall surface in said ink tank 
at which said negative pressure generating member is located; 

a light receiving step for receiving reflected light of light emitted in said fight emitting step by light receiving 
means; and 

a discrimination step for discriminating state of residual quantity of ink in said ink tank in accordance with a 
quantity of light received in said light receiving step. 

31. A method ot detecting residual quanlity of ink according to claim 30, wherein 

said light receiving step is a step for receiving light emitted in said light emitting step and reflected by said wall 
surface, a boundary surface between said wall surface and said negative pressure generating member and 
said negative pressure generating member. 

32. A method of detecting residual quanlity of ink according to claim 30. wherein 

wavelength of light emitted in said light emitting step is the wavelength which penetrates ink in said ink tank. 

33. A method of detecting residual quantity of ink according to claim 30, wherein 

said wall surface of said ink tank to which light is emitted in said light emitting step is a bottom portion of said 
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ink tank. 

34. A method of detecting residual quantity of ink according to claim 30, wherein 

. • , ,t„^r riUrriminatina that the residual quantity of ink in said ink tank is smaller 

ESSS^^S^StfJ. — » - — *■ " '•"*' ,Mn ' 

predetermined threshold. 

35. A method of detecting residual quantity of ink according to claim 30, wherein 

saiddiscrimination step is a step for discriminating the residual quantity s.at. of ink in said inktankin accordance 
with change in the quantity of light received in said light iteming step. 

36. A method of detecting residual quantity of ink according to claim 30 further comprising: 

areffectancecalculating step for calculating the reflectance in accordance with light emitted in said light emitting 

accordance with said reflectance. 

37. A method of detecting residual quantity of ink according to claim 30 further comprising: 

a display step for displaying the residual quantity state of ink in accordance with discrimination performed in 
said discrimination step. 
38 A method of detecting residual quantity of ink according to claim 30 further comprising: 

haTbeen reduced to a level lower than a predetermined residual quant.ty. 

39. A method of detecting residual quantity of ink according to claim 30, wherein 

said inkjet recording apparatus to which said method is adapted comprises a carriage on which both recording 

SrS —^1" STcSS^ » a recording medium, and said method of detecting 

residual quantity of '"^^^f'"^^^ said carrjag e to a position, at which said light emitting 

^nS^ 
state of ink in said ink tank. 

40. A method of detecting residual quantity of ink according to claim 39, wherein 

said ink iet recording aoparatus to which said method is adapted comprises a piuralr^ of ^recording heads, 

of said ink tanks. 

41 a method of detecting residual quantity of ink according to claim 30, wherein 

surface in accordance with reflected light. 
42. A method of detecting residua! quantity of ink according to claim 30 further comprising: 
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an ink lank detection step for detecting whether or not said ink tank exists in accordance with light received by 
said light receiving means. 

43. A method of detecting residual quantity of ink according to claim 30, wherein 

said light emitting means and said light receiving means are formed integrally imo a photointerrupter. 

44. A method of detecting residual quanlity of ink according to ciaim 30 further comprising: 

an adjustment slep in which the quantity of light emitted by said tight emitting means can be adjusted. 

45. A method of detecting residual quantity of ink according to claim 44, wherein 

said light emitting means emits light in response to an electric signal applied thereto, and 

said adjustment step is a step for modulating the pulse width of said electric signal to be supplied to said lighl 

emitting means to enable the quantity of light, which is emitted by said light emitting means, to be adjusted. 

45. A method of detecting residual quanlity ol ink according to claim 45, wherein 

said electric signal is a signal in the form of a pulse, and said adjustment step is a step for adjusting the width 
of said pulse. 

47. A method of detecting residual quantity of ink according to claim 45. wherein 

said ink jet recording apparatus to which said method is adapted has a reflecting portion so disposed as to be 
capable of reflecting light emitted by said fight emitting means to said light receiving means; and 
said adjustment step is a step for modulating said electric signal to be supplied to said light 'emitting means in 
response to light reflected by said reflecting portion in such a manner that the quantity of light received by said 
light receiving means is made to be constant. 

48. A method ol detecting residual quantity of ink according to claim 45 further comprising: 

a storage step for storing information formed on Ihe basis ol said drive signal modulated in said adjustment step, 
wherein said discrimination step is a step for subjecting information formed on the basis of the quantity of light 
emitted to said wall surface of said ink tank, reflected by the same and received by said receiving means and 
information stored in said storage means to a comparison to discriminate the residual quantity state of ink in 
said ink tank. 

49. A method of delecting residual quantity of ink according to claim 30 further comprising: 
i correction step for correcting a signal formed on the basis of the quantity of light received by said liqht receivino 



a C 

means. 



50. A method of detecting residual quantity of ink according to claim 30, wherein 

said recording head applies thermal energy to ink to cause ink to change the state thereof due to heat so that 
rnk is discharged due to pressure generated due to change in the state of ink. 

51. A method of detecting residual quantity of ink in an ink jet recording apparatus having an ink tank including an ink 
absorber, a recording head for discharging and adhering ink supplied from said ink tank to a recording medium to 
form an image, and detection means for detecting, through a wall surface of said ink tank, light reflectance of a 
boundary portion between said wall surface of said ink tank and said ink absorber, said method of detecting residual 
quantity of ink comprising: 

a detection step in which said detection means delects the quantity of reflected light at a predetermined timing 
to transmit detected data; 

a comparison step for subjecting a result of the n-th {n is an integer which satisfies n a 2) output and a result 
of the (n -1 )-th output or results of outputs to (n - 1 )-th output to a comparison; and 
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adiscriminationstepfordiscrim^ 

larger than a predetermined value a has been confirmed ,n sa,d comparison step. 

52 A method of detecting residual quantity of ink according to claim 51 , wherein 

said calculating step is a step in which light reflectance ^^^^^^Z^!^ 
mediums have been recorded, if the position of a carriage has b e change d at the g + ) : JP ^ 

rsssnr-s: zsxsssssstsi «, „ «... - . 

correspond to the position of said carnage. 
S3. A method of detecting residual quantity of ink according to claim 51 , wherein 

said determined tim.g is a moment ^^^^^^^.^ 

operation are reset. 

55. A method of detecting residual quantity of ink according to claim 54, wherein 

in a case where depletion o, ink has been indicated before said recovery operation is performed, Mcation of 
depletion of ink is interrupted when resetting is performed. 
SS. A method o1 detecting residual quantity o1 ink according to claim 51 , wherein 

in th9 case where deplete o. ink has been indicated, ■ * ^J£^ 
( =a^^^^ 

57 A method of detecting residual quantity of ink according to claim 51 . wherein 

predetermined value 8, then indication of depletion of ink is interrupted. 

58. A method of detecting residual quantity of ink according to claim 51 , wherein 

said predetermined value a is appropriately changed to correspond to color of ink to be used. 

59. A method oi detecting residual quantity of ink according to claim 54, wherein 

said predetermined value B is different to correspond to color of ink to be used. 
" so. A method ol detecting residual quantity ot ink according to claim 56, wherein 

said predetermined value T Is different to correspond to color of ink to be used. 
55 61. A method of detecting residual quantity at ink according to claim 57, wherein 

said predetermined value 5 is different to correspond to color of ink to be used. 
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62. A method of detecting residual quantity ol ink according to claim 51, wherein 

said output value obtained in said detection step is an average value of data obtained previously and data 
• obtained at this time. 

S3. A method of detecting residual quantity of ink according to claim 51 , wherein 

said output value obtained in said detection step is an average value of data obtained m times consecutively. 

64. Amethod of detecting residual quantity of ink according to claim 51, wherein 

said recording head comprises an energy generating device formed by an electricity-to-heat converter for gen- 
erating heat energy which causes ink to take place film boiling so as to discharge ink. 

65. A method of detecting residual quantity of ink according to claim 51, wherein 

said recording head is detachable with respect to the body of said recording apparatus. 

66. A method of detecting residual quantity of ink in an ink jet recording apparatus having an ink tank including an ink 
absorber, a recording head for discharging and adhering ink supplied from said ink tank to a recording medium to 
form an mage, a carnage on which said ink lank and said recording head are mounted, detection means for detect- 
ing through a wall surface of said ink tank, change in the light reflectance of a boundary portion between said wall 
surface of said ink lank and said ink absorber, and means for vertically moving said carriage toa plurality ol positions 
to be adaptable to the thickness of the recording medium, said method of detecting residual quantity of ink com- 
prising: ' 

a detection step in which said detection means detects Ihe quantity of reflected light at a predetermined limine; 
to transmit detected data; 

a calculating step for subjecting said detected light reflectance to a predetermined calculation to correspond to 
the position of said carriage; 

a comparison step for subjecting a result of the n-th (n is an integer which satisfies n 3 2) output and a result 
of the (n -1)-th output or results of outputs to (n - 1)-th output to a comparison; and 

a discrimination step for discriminating that residual quantity of ink in said ink tank has been reduced if change 
larger than a predetermined value a has been confirmed in said comparison step. 

67. A method o) detecting residual quantity of ink according to claim 66, wherein 

said calculating step is a step in which light reflectance R1 is detected after n (n is a nalural number) recording 
mediums have been recorded, if the position of a carriage has been changed at the (n + 1 )-th output then light 
reflectance R2 is detected before the (n + 1}-Ih recording operation starts, R1 and R2 are used to calculate a 
correction coefficient for said ink tank, and said correction coefficient is used to correct the output value to 
correspond to the position of said carriage. 

68. A method ol detecting residual quantity of ink according to claim 66, wherein 

said predetermined timing is a moment at which the number of ink discharge operations performed by said 
recording head and the quantity of consumption of ink calculated in accordance with Ihe number of sucking 
operations performed for the purpose of recovering said recording head reach predetermined values or a 
moment after the same have reached the predetermined values. 

69. A method of detecting residual quantity of ink according to claim 66, wherein 

the light reflectance is detected before and after all recovery operations for said recording head of said ink jet 
recording apparatus are performed, and if the difference in the light reflectance before and after said recovery 
operation is smaller than (5, then all output results of detected light reflectances obtained before said recovery 
operation are reset. 

70. A method of detecting residual quantity of ink according to claim 69, wherein 
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in a case where depletion of ink has been indicated before said recovery operation is performed, indication of 
depletion of ink is interrupted when resetting is performed. 
71 A method 0( detecting residual quantity of ink according to claim 66, wherein 

h h^io.™ of ink has been indicated, a result of the n-th (n is an integer which satisfies n S 
,n the case where depeUon of nk ^^ 

*Z%Z B E%XZ P "l— d^ue , /en indication , deplete o, ink is interrupted. 

72. A method o1 detecting residual quantity of ink according to claim 66, wherein 

t, ,„ ^ninti™ of ink has been indicated, a result of the n-th (n is an integer which satisfies n a 

nS -rrs * * ^ M and if is ,ar9er ,han a 

predetermined value 5, then indication of depletion of ink is interrupted. 

73. A method of detecting residual quantity of ink according to claim 66, wherein 

said detection means for detecting the quantity o, reflected .ight is used to detect a plurality of positions o< said 
carriage. 

74. A method of detecting residual quantity of ink according to claim 66, wherein 

said predetermined value <x is appropriate* changed to correspond to color of ink to be used. 

75. A method of detecting residual quantity o1 ink according to claim 69, wherein 

said predetermined value p is dWerent to correspond to color of ink to be used. 

76. A method of detecting residua! quantity of ink according to data 71 , wherein 

said predetermined value y is different to correspond to color of ink to be used. 

77. A method of detecting residual quantity of ink according to claim 71 , wherein 

said predetermined value 8 is different to correspond to color of ink to be used. 

78. A method of detecting residual quantity of ink according to claim 72, wherein 

said predetermined value 5 is deferent to correspond to color of ink to be used. 

79. A method of detecting residual quanlity of ink according to claim 66, wherein 

said output value obtained in said detection step is an average value of data obtained previously and present 
data. 

80. A method of detecting residual quanlity of ink according to claim 66. wherein 

said output value obtained in said detection step is an average value of data obtained m times consecutive*. 

81. A method of detecting residual quantity of ink according to claim 66, wherein 

said recording head comprises an energy generating device formed by an elect Wo-heat converter for gen- 
erating heat energy which causes ink to take place film boiling so as to drscharge ,nk. 

82. A method of detecting residual quantity at ink according to claim 66, wherein 

said recording head is detachable with respect to the body of said recording apparatus. 



33 



EP 0 706 888 A2 



B3. An apparatus lor detecting a residual quantity of ink in an ink jet recording apparatus having an ink tank including 
an ink absorber, and a recording head for discharging and adhering ink supplied from said ink tank to a recording 
medium to form an image, said apparatus for detecting a residual quantity of ink comprising: 

detection means lor detecting, through a wall surface of said ink tank, change in the light reflectance of a 
boundary portion between said wall surface of said ink tank and said ink absorber at a predetermined timing 
to output obtained data; 

comparison means for subjecting a result of the n-th (n is an integer which satisfies n S 2) output and a result 
of the (n -1)-th output or results of outputs to (n • 1)-th output to a comparison; and 

discrimination means for discriminating that residual quantity of ink in said ink tank has been reduced II change 
larger than a predetermined value a has been confirmed by said comparison means. 

84. An apparatus for detecting a residual quantity of ink according to daim 83, wherein 

said detection means outputs an average value of data obtained previously and data obtained at this time. 

85. An apparatus for detecting a residual quantity of ink according to claim 83, wherein 

said detection means outputs an average value o) data obtained m times consecutively. 

86. An apparatus for detecting a residual quantity of ink according to claim 83, wherein 

said recording head comprises an energy generating device formed by an electricity-to-heat converter for gen- 
erating heat energy which causes ink to take place film boiling so as to discharge ink. 

87. An apparatus for detecting a residual quantity of ink according to claim 83, wherein 

said recording head is detachable with respect to the body of said recording apparatus. 

88. An ink jet recording apparatus having an ink tank including an ink absorber, a recording head for discharging, and 
adhering ink supplied from said ink tank to a recording medium to form an image, a carriage on which said ink tank 
and said recording head are mounted, and means for vertically moving said carriage to a plurality of positions to be 
adaptable to the thickness of the recording medium, said ink jet recording apparatus comprising: 

detection means for detecting, through a wall surface of said ink tank mounted on said carriage, change in the 
light reflectance of a boundary portion between said wall surface of said ink tank and said ink absorber at a 
predetermined timing to output obtained data; 

calculating means for subjecting said detected light reflectance to a predetermined calculation to correspond 
to the position of said carriage; 

comparison means for subjecting a result of the n-th (n is an integer which satisfies n S 2) output and a resull 
of the (n -1 )-th oulput or results of outputs to (n - 1 )-th output obtained by said calculating means to a comparison; 
and 

discrimination means for discriminating that residual quantily of ink in said ink tank has been reduced if change 
larger than a predetermined value a has been confirmed by said comparison means. 

89. An ink jet recording apparatus according to claim 83, wherein 

said detection means outputs an average value of data obtained previously and data obtained at this time. 

90. An ink jet recording apparatus according to claim 88, wherein 

said detection means outputs an average value of data obtained m times consecutively. 

91 . An ink jet recording apparatus according to claim 88, wherein 

said recording head comprises an energy generating device formed by an electricity-to-heat converter for gen- 
erating heat energy which causes ink to take place film boiling so as to discharge ink. 
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92. An ink jel recording apparatus according to claim BB, wherein 

said recording head is detachable with respect to the body ol said recording apparatus. 

93 An ink let recording apparatus having an ink tank including an ink absorber and arranged to supply ink to s i head 
tc ZteZ lS 4w 'rem a nozzle a, the fading end of said head to a recording m.d«m so as to perform 
recording, said ink jet recording apparatus comprising: 

detection means for detecting the residual quantity of ink in said ink tank in accordance with the quantity of light 
?^r c ed by a boundary portion between a wall surface o, said ink tankand said ink absorber through a portion 
of said wall surface otYaid ink tank, said detection means also serving as means for detecting the d 1S tance 
from said nozzle of said head to said recording medium. 

94. An ink jet recording apparatus according to claim 93, wherein 

S aid detection means includes a light emitting portion and a light receiving portion for receiving reflected light 
of light emitted by said light emitting portion. 

95. An ink jet recording apparatus according to claim 94. wherein 

said head is mounted on a carriage which is moved in parallel to the surface of said recording medium, and 
said carriage has a reflecting portion for reflecting light from said detection means. 

96. An ink jet recording apparatus according to claim 95, wherein 

said carriage has switch means for changing the distance from said head to said recording medium to be . adapt- 
able to the Thickness of said recording medium, and the distance from said reflecting portion to said detection 
means is changed to correspond to switching effected by said switch means. 

97. An ink jet recording apparatus according to claim 95, wherein 

said ink tank is de,achab,y mounted on said carriage, and said carriage has trans™ means for allowing 
light from said detection means to pass through to reach the wall surface of said ink tank. 

98. An ink jet recording apparatus according to claim 97, wherein 

said transmission means is an aperture formed in the bottom surface of said carriage. 

99. An ink container for an ink jet recorder, provided with means p.rmitUng optical determination of the quantity of ink 
present in the container. 

t0O.An ink jet recording apparatus having optical sensing means for determining the quantity of ink present in one or 
more ink containers. 
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